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STRAIGHT LINE PLOTTING 
SKEW FREQUENCY 


Valuable and suggestive papers have been the 
recent years methods for the investigation the frequency and 
run-off various intensities, for engineering design. 

This paper deals ‘with the application new equations both the 
“Duration” Curve and “Differential” Curve; 
and for expressing the variations the which 
follow “Skew Frequency Laws” their distribution. These equations are 

having limited number observations the series. 

The equation the Duration Curve more’ easily and 
simpler form than that the Frequency Curve; important note, how- 
ever, that with either equation given the other written once. Frac- 
tional exponents are expected, but they not affect the fixed relations 
between the two equations. The equations the Duration Curve are such 
curve can always plotted straight line function that 
skew frequency laws. One general given, 
can simplified for the condition finite infinite limits. 

Numerous examples the use these equations the plotting curves 
new type skew frequency paper are shown. Ordinary and logarithmic 
co-ordinate paper may also used. These curves cover greater variety 
conditions than have heretofore been presented. Curves are plotted with equal 
either both the coefficient and coefficient 
skew are negative well when the mode greater than the mean. The 
same plotting paper used when either one both the limits are finite. The 
equations can also applied the representation certain population 
curves. 

The equations and methods can engineer, the work 
largely. most. of. the difficulties and objections the use 
curves and equations based analysis are obviated. 

issued before the set for presentation Corre- 
spondence invited and may sent mail the Secretary. Discussion the paper 


will closed 1926, and, when the paper, with discussion 
full, will published Transactions. 


Engr. Chg. Works, Chihli River Comm., China. 
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INTRODUCTION 


For several years the Chihli River Commission has been engaged study- 
ing flood conditions the Province Chihli, North China, but great diffi- 
culty has been experienced securing data and run-off, espe- 
cially regarding flood flows. 

order make the fullest use the meager data all the recent 
papers and discussions which have appeared the the Society 


have been studied with great care and with valuable results. While more 
records covering longer periods observation are greatly desired, the 
methods utilizing the existing short-term records are being constantly 
improved engineers throughout the world. with the hope making 


another step forward this direction and adding something the value 
and usefulness the shorter series observations which are becoming more 
generally available that the following method presented for treating skew 
frequency data that they can according “straight line” law 
variation. 

The difficulties and objections the use of. methods developed for fre- 
quency studies statistical data suggested new angle for attacking the 
problem applying frequency curves engineering. The following entirely 
empirical equations and the methods developed for their use are the result 
several years’ study consisting search for equations that could used 
guides estimating the magnitude and frequency floods, and develop- 
ing and extending the equations when found. skew frequency paper having 
co-ordinates was this, paper original data may 
plotted and then replotted straight line function for several different skew 
frequency laws distribution, irrespective the signs the “coefficient 
variation” and “coefficient skew”, and also for any value the “skewness” 
whether positive negative. The methods are here presented the 
hope that they will prove useful other engineers they have the 
also hoped that thorough study and discussion other mem- 
bers the profession may lead the development other uses and 
tions for these equations. 


Nomenclature.— 


Let serial number records when arranged order 
tude, the the time. 
number records the series, 100 per 
value any record the series. 
lower finite limit the curve representing records (not 
the lowest record). 
upper finite limit the curve representing the records (not 
the highest record). 
exponents f(R), values which are found from the curve. 
coefficient values which are found from the 
but 


or, 


or, 
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radius gyration the area under the frequency curve 
about the axis. 
standard variation. 
coefficient variation. 


The equations are distinguished letters indicating the application 
the particular form. For example, the general formula labeled Equation 
and the special form, Equation (F), The designation, Equation (A), 
signifies that this form has the a-limit; Equation (B) has both the a-limit and 
the b-limit. Equation (A’) the differential Equation (A) and Equation 
ete. The subscripts indicate variations the base equations, as, for 
example, Equation (A,) special form Equation (A). 

General general the integral duration 


curve is: 


or, 


and, hence, the length the ordinate the end the curve where 
the tangent (or asymptote) parallel the R-axis. 

Special Forms the some cases the equation may con- 
veniently used the following forms: 


or, 


When both and are positive, the curve for this equation the reverse 
that for Equation That is, the curve begins above the the 
height, and the R-axis becomes the tangent asymptote the right-hand 
end this curve. and are negative, the curve begins the R-axis 
Equation (@). 

practice, Equation may used with and positive, defined 
the percentage time for which any given value may exceeded. 
Numerical computations are reduced using this equation plotting 
curves rainfall run-off ordinary logarithmic co-ordinate paper. 


This derived entirely empirical process and subsequently compared 
with those Pearson, Kapteyn, and others which were not known the writer the time 
its development. 
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However, the ordinates the differential frequency curve derived from this 
equation would negative; this might seem incorrect although reality 
matters but little. the frequency curve derived from Equation (@), the 
ordinates will positive, and, hence, for convenience the mathematical 
investigations, the second form (Equation will When 
Equation becomes: 


or, 


Equation (A) the lower limit which may either positive, nega- 
tive, zero, while the upper limit and therefore, place 


If. Equation derived from Equation. would the 
form Equation No. XV, “Empirical Equations”, Professor Running, 
study which stimulated the investigation that finally led the develop- 
ment the general form. 

When and are unequal, Equation too complicated for general 
but when while and are both finite, takes the following 
form which may used place Type the Pearson curves: 


or, 

The curve for Equation has its lower limit its upper 
limit, This type curve does not appear included any Professor 


Pearson’s types skew frequency equations while the writer’s equations 


not include his Types and VII. Equation (F), when and 
negative, the lower limit and the upper limit Ifd (both 
the limits are finite and takes the form Equation but with 


The several types curves here referred shown Transactions, Am. E., 
Vol. (1924), pp. 179, 182, 


The form with useful studies certain population 
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far given cover range skew frequency curves fully 
constants for, ordinary use limited, that Equations 
(A), (B), and (S) are sufficient for rainfall 
and run-off data. 

Although Equation (C) can discussed similar that given 
subsequently for Equations (S) and (A), does not apply the conditions 
met ordinary and, therefore, will not considered 
further. 

Frequency Curves.—The general equation ‘the differential frequency 
differentiation, thus, 
From this, the equations the frequency curves corresponding the integral 


Equations (A), and (B) are obtained substituting the proper values 


i R cul i 

Foster, Assoc. Am. Soc. E., with place the exponent 
Since Equation was derived differentiation from Equation 
and entirely general, the total area under the curve Equation will 
always equal the maximum ordinate, Equation for other systems 
frequency curves. equations, therefore, represent forms 
skew frequency the particular form depending the char- 
acter f(R) and the values the constants, and 


continue the further, differentiate Equation Then: 


R e-—1 
This may similarly simplified the following three forms: 


“Theoretical Curves and Their Engineering Problems,” Trans- 
actions, Am, Soc. E., Vol. LXXXVII (1924), 
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the frequency curves become tangent the R-axis the right-hand 

When f(R) are several different conditions which upon 
the value 


the left. (See Figs. and 2.) 

the R-axis the left; but for all three equations the curve begins the 
R-axis. (See Figs. and 7.) 

3.—If the frequency curves will leave the R-axis definite angle. 

all the frequency curves will start definite height above 
duration curve, therefore, will leave the R-axis definite angle. Further- 
more, this case all values will negative and there will hump 
the frequency curve. 

5.—If and the frequency curve begins left with the 
ordinate through tangent asymptote, and all values will 
negative, there will hump the frequency curve. The duration curve 
will begin perpendicular the R-axis. (See Figs. and 10.) 

begins and ends the R-axis. this case the first and second derivatives 
are identical with those for Equation (9). (See Fig. 11.) 

Standish Hall, Assoc. Am. Soc. E., has called attention these 
types frequency curves.* Mr. Hall’s paper, however, only the first type 
considered, while the writer’s equations and methods plotting apply 
all these types well those which the maximum point the 
right the center gravity the area under the curve. (See Figs. and 5.) 
All these types are illustrated the preceding diagrams, The type fre- 
quency curve usually determined the value which the slope 
the auxiliary line obtained this method plotting. (Fig. 
tion this rule since the mode less than the mean while 3.3.) 

Location Mode and greater than unity, the 
for the maximum point the frequency curve, that is, the 
mode, obtained placing the expression within the brackets the equa- 
tions for equal zero. This results the following: 

The mode for Equation (B’) not easily obtained. that value 
which satisfies the following expression: 
*See Fig. his paper entitled Probable Variations 


Determined from Study California Streams,” Am. Soc. Vol. LXXXIV 
(1921), 240. 
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This expression can solved approximately and the following the 
best the writer has been able obtain. Equation for 
The equation may then written: 


Expand the left-hand member simple division, divide both sides the 
equation the first factor the right-hand member and the 
second factor ‘the theorem. The result is: 

4 


collecting the corresponding powers and discarding 
terms with the third and higher powers, quadratic obtained which can 
solved for The value obtained from this will approximately 
equal the mode. The result will probably too small. com- 
puting the coefficients for one more the higher powers and solving 
methods for incommensurate roots, the made accurate 
desired. 

The mean for curve has been defined the abscissa the 
center gravity the area the curve. Hence: 

Although the writer has not been able solve for the case 
when both limits the curve are finite, can solved for Equa- 
tions and (A’), which varies from zero 

The method will shown for Equation Substitute the value 
from Equation the integral; then: 


@ 


nek 


This follows since the integral the denominator the area under 
the frequency curve, which Now, let then, 


Hence: 


le. 
T- 
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This standard form definite which can evaluated terms 


Similarly, for Equation (A’) is: 


Standard Deviation and the square the “standard varia- 
tion” series defined equal the square the radius gyration 
the area under the frequency curve for the given series, about the center 
gravity that area, can determined for Equation integrating 
the same manner was done for the mean. integral form, the square 
the radius gyration under the curve about the is: 

2 | 
This becomes: 


The square the standard variation found subtracting the square 
the mean, that is, the distance from the the center gravity the 
area under the curve. Hence: 


This formula applies also to, Equation (A’) the abscissa the point 
beginning the curve eliminated the process. 

The coefficient variation the standard variation divided the mean, 
and, therefore, for Equations (S’) and (A’), is: 


With Equations (6), (7), and possible compute the 
“skewness” for the same equations, the relation: 
Mean mode 


While possible thus solve the integral for for the “third 
about the the writer has been able for the “gravity axis” 


LXXXVII (1924), Table pp. 
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and hence “coefficient. skew”, Allen Hazen, Am. Soc. 
E., Mr. Foster and others, has not been 

Equations (6), (7), and (8) show curves fitted 
(A), depends only the the exponent, varies 
that is, when less than unity the mode imaginary, but prac- 
tically remains the same for The skewness becomes when, 


‘ 1 

straight line data when plotted described for the 
slope the line indicates once whether the skewness the frequency curve 

tion for curves with both limits finite, corresponding the foregoing 
cients and functions used with systems skew frequency 
curves developed statistical However, the mode, mean, standard 
variation, coefficient variation, and doubtless other functions these 
can found graphical methods for any given 
example, after having completed the straight line plotting the data, the 
curve may replotted with ordinary rectangular From 
curve, ‘plotting the first and second differential the 
the second curve with the will give the 

The duration curve the first integral the frequency curve and, there- 
fore, its ordinates areas under the frequency curve. plotting second 
integral curve, are obtained from which the position the 
gravity the area under the frequency curve can determined, giving the 
mean. the same way, the radius gyration can obtained after plotting 
third integral curve. Sufficient data, therefore, can graphical 
means for calculating the same functions the curve with finite’ 
were obtained mathematically for the other curves. 

addition the expressing the functions new system 
skew frequency curves terms entirely different system derived 
radically different methods, and designed for different uses, seems the 
writer that the coefficients taken from these older systems have little, any, 
physical when applied ordinary hydraulic problems. 

One two functions these curves will suggested, which can easily 
calculated with data obtained from the duration These functions 
give ready means comparing curves for different streams 


While the term, “coefficient skew,” will occasionally used the following text, 
the context clearly indicates otherwise. should noted that Equation (9) gives positive 
negative value according whether the mean greater less than the is, there- 
fore, more indicative the true form the curve than the derived 
from the sum the squares the variations from the mean. 
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and will also call attention conditions which should given 
designing engineering works. 

Factors for the foregoing equa- 
tions are used for the investigations skew frequency data especially 
applied hydraulic problems, the following functions quantities may 
used for the purpose comparing different curves well for obtaining 
general information about individual curve. The first ones may 
called the “average range” and the “average the curves 
data. 

The average range obtained taking from the duration curve 
plotted any the foregoing methods, the values (expressed per- 
centage the mean when desired for comparison with other curves) for 25% 
and for 75% the time. difference these values may called the 
average run-off” (rainfall, floods, briefly, the “average 
range” for the given stream locality. This range such that 50% the 
records will lie within its limits. That the record for the next succeeding 
year will come within this range just probable that will fall outside. 
evident that the area under the frequency curve between the ordinates 
corresponding these two points the duration curve, one-half the total 
area under the curve, and hence the data followed the “normal law error” 
general, the average range varies directly the coefficient of, variation for 
the One-half the average range given as.one the measures 
dispersion Udny Yule,* who designates the “quartile deviation” 
“semi-interquartile range”. Attention called the that this “is not 
measure the deviation. particular Yule states that 
“for distributions approaching the ideal forms [of normal moderately skew 
curves] the semi-interquartile range usually about two-thirds the stand- 
ard deviation”, and, therefore, that nine times the semi-interquartile range, 
four and one-half times the average range, will approximately cover 99% 
the total frequency. also states, that this measure dispersion has 
the clearest and simplest meaning any the three which describes, and 
that calculated with the greatest ease. 

The average frequency the average range the data, briefly the 
average frequency, may obtained dividing one-half the total area under 
the frequency curve the percentage covered the average 
gives the average height the frequency curve between the limits this 
the range small, the average frequency will high, 
greater than unity, and This illustrated Table these 
factors are given for streams, together with the coefficients, 
published for the same stream. 

Pearson (the mean minus the mode divided the standard deviation) 
Yule* gives another measure skewness, and one which easily com- 


Chapter VIII, 147. 
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puted with quantities taken duration curve. This might called 
the “quartile ratio” distinguish it. obtained from values the variable 
corresponding 25%, 50%, and 75% the time. these quantities are, 


This ratio becomes zero for nearly distribu- 
tion, “and while its highest possible would rarely practice 
attain higher numerical values than 1.” When this quantity positive, the 
mode will than the mean, while for negative values the reverse will 
(5), and these compared with the coefficients, skew given 
Column (6). 


D 


' ut 


Name stream. range, varia- Skewness. 
percentage. tion. 


Richelieu River, New York 

West Canada Creek. New 
Sacramento River, California......... 
Rock Creek, 
River, 

Kings River, California 
Mackenzie River, Australia. 
Yuba River, Colorado 

Donner Creek, California 

Sweetwater River, California 


~ 


range 


Normal rat range 


discussed later, 


order use the foregoing equations line plotting data 
the form duration curves, they must put into logarithmic 
form. ‘Equation illustration, but the transformations 
equally applicable the more general forms. transposing 
hand member the equation the terms ‘and then both 


' 


‘ q 


This now, transformed into the logarithmic form: 


Since always greater than will always less than unity and 


0.41 
! 
B 
r 
S 
n 


1074 PLOTTING SKEW FREQUENCY Papers. 


positive quantity. Let this represented equation now 


This equation the exponential form and, represents 
straight line when plotted logarithmic paper. Similarly, Equations (A) 
and (B) can written the logarithmic form, indicated the 
unity, follows: 


Equation (A,), when the curve will concave 
upward. the constant, positive (see Figs. and and will con- 
cave downward this constant negative (see Fig. 5). However, when the 
correct value determined, and R—a will plot straight line. 
When takes the form given Equation (B,), plotted will 
take various forms depending the signs used. most cases will 
positive giving the minus sign the numerator, which with the minus 
sign the denominator, will give reverse curves like those 
Figs. and negative, giving plus sign the numerator, while 
the sign the denominator also plus, the reverse will like 
that Fig. the sign the numerator becomes that 
the denominator plus, the curve will sharply concave the right- 
hand end seeming approach some vertical line (see 
10). these two signs are reversed the left-hand end 
vertical asymptote the downward direction (see Fig. and the whole 
curve will reversed. When correct values both and have been de- 


and the function, will plot straight line. 


Equation can transformed into another logarithmic 
form; 


This form the slope equation straight line and hence log 
plotted log ordinary cross-section paper, the points will 
straight line the slope which, with respect the log R-axis, and the 
determine the values the constants, and this method plotting. 
The values these constants can also obtained solving Equation 
after forming simultaneous equations, substituting for log and log 
the co-ordinates two points the line, This method frequently 
preferred the purely graphical method, when logarithmic 
skew frequency paper being used. 

Equations (A, and (B,) also can written similar 
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When log plotted log the curves for Equations 
have the same forms when Equations (A,) and (B,) are plotted loga- 
paper. 

linear functions, only necessary take the ordinary logarithmic ruling 
direction for the and (R) and then compute suitable 


series values log colog give the spacing for the t-seale. 


éxample such given Fig. 12. the other diagrams have 


0.1 unity and the log unity zero. for percentages greater 
the ordinates laid off the right the log colog will positive, 
while percentages less than 90, the values will negative 
and the ordinates must laid off the left that line. 

Although the computation suitable spacings not all 
table cologarithms available, Table may laying out 
this skew frequency and its use will uncertainties errors. 


the 90% line. becomes since 


factory frequency curves for nearly all the data which come 
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the writer’s notice the use Equations (A), (B), and Equa- 
tion and forms involving other functions have not been investigated 
thus far. 

Since possible use simple graphical for all the 
investigations necessary the solution engineering problems, they will 
explained first, while the mathematical these 
will taken later. 

Several diagrams and tables are given illustrate the variety 
frequency curves included, and enable one who not familiar with 
such curves become making use the data given. The data have 
been selected illustrate many types skew frequency distributions 
possible, most part from hydraulic records. Some data from other sources 
have been included illustrate particular forms. possible application 
the equations population curves will indicated subsequently this does 
not seem strictly problem frequencies. 

The work plotting diagrams greatly simplified the use the skew 
frequency paper will curves having any coefficient varia- 
tion and any degree skewness, either both which may positive 
negative. 

Fig. shows the curves for the frequency distribution the annual 
the Sacramento River, Red Bluff, Calif., given Table Column 
(1). These and other data were taken from Mr. Hall’s paper previously men- 
tioned. They were first arranged the order increasing magnitude. The 
percentages Column (2) opposite each item Column (1), were computed 
taking the series odd numbers and 
dividing each being the number records the Corre- 
quantities from Columns (1) and (2) were then plotted shown 
Fig. and straight line drawn average the points nearly 
possible. seen that the points follow this line, and the line therefore may 
taken the integral duration curve for the skew frequency distribu- 
tion the total annual discharge this river. 


Where such short series records lie close straight line, not 
necessary plot any other curves make any but the simplest computations 
arrive conclusions which may adopted guides engineering reports 


This method using the series odd numbers equivalent finding the percentage 
the center each block histogram, whereas the finding the ratio per- 
centage which each item bears the whole would give the corresponding percentage the 
larger valued side each block. Furthermore, the latter method the last value would 
correspond with 100% which cannot used any usual exponential 
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and designs. However, make clearer the characteristics this curve, the 
data the last three columns are given, from which the frequency dif- 
ferential curve was drawn. The percentages time Column (4) were read 
from the curve for the quantities Column (3), these being taken with the 


common difference, per cent. The quantity, then 


set down Column (5), from which the frequency curve, shown the 
corner the Fig. was drawn. The lower limit this curve zero while 
the upper limit infinity. This indicated the fact that straight line 
may used represent the data originally plotted. Hence, Equation 
used express the law frequency variation. From the duration 
curve found that for 25% the time the run-off will probably less 
than 80% the mean, while for 75% the time will less than about 
118 per cent. 


TABLE 3.—Frequency Data SACRAMENTO River, Rep 


time, curve. curve. mean curve, curve. 


On OD 


50. 
58. 
64. 
69. 
86. 
90. 
99. 
00. 


Data from Table Transactions, Am. Soc. E., Vol. LXXXIV (1921), pp. 


Therefore, the run-off will from 118% the mean for 50% 
the time. other words, there even chance that the next succeeding 
record will fall within these limits. 

the maximum point the frequency curve near the 100% ordi- 
nate, the mode nearly equal the mean and small. The 
abseissa the median determined from the duration curve the inter- 
section the curve with the ordinate, and seen 
about per cent. That is, approximately one-half the area under the fre- 
quency curve lies each side the 99% ordinate. 

The the average run-off, that is, the range values which 
probably occur, about one-half the time, indicated the two heavy ordi- 
nates the frequency curve. Their position determined finding the 
intersection the duration curve, with the 25% and 75% time ordinates. The 
nearly symmetrical character and the small skewness the curve shows that, 
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for any given range either side these limits, the probabilities high 
and low annual discharge are about These conclusions also 
from the slope the duration from its equation, which is: 


the line with reference the R-axis. When the slope the line (or the value 
between the values 2.5 approximately, the skewness will 
comparatively small, while high and low records will have nearly equal fre- 
quencies. can also found easily from the duration without 
determining its equation. Thus, the time value 52% the mean 
run-off will not exceeded, while 95% the time the run-off will probably 
variation the value the mean between and 25% the time, while the 
variation the mean from 95% the time 145 118 27. 
the ratio the ranges these extremes nearly unity, this case, high 
and low records are about equally probable. 
All these conclusions the probable range average conditions and 
the relative frequency high and low discharges run-off, together with the 
years, are easily determined from Fig. without the computation any 
coefficients, factors, criteria. ‘Annual maximum flood heights dis- 
charges often seem follow this simple “linear” frequency law, making the 
method particularly applicable the study flood frequencies and heights. 


' - 


(2) (3) 


— 


(2) 


gives the data plotting the eurves for annual precipitation 
Tientsin, China, shown Fig. and Table the annual run-off, 
per square mile, for the Allegheny River Red 
lower limit greater The original first ‘plotted was 


Year. 
1902 11.5 
1920 11.9 
1899 
1895 
1909 
1918 
1906 
1907 
1921 
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done for Fig. but Figs. 2\and the data shown the solid dots are such 
that smooth curve drawn the points will upward. 
order extend curve beyond the limits the actual observations 
the data must treated that when replotted they will approximate 
straight auxiliary line may then extended and from smooth 
plotted graphically through the points first platted. The 
necessary treatment rapidly effected subtracting constant 
quantity from each record rainfall run-off the case may be. 


» 


0.5 


The constants selected after two three trials were in. 
from the precipitation records (Fig. and 0.075 sec-ft. per sq. mile for the 
run-off 3). The results are shown Column (4) Table 
and Column (3) Table ‘These quantities were then plotted against their 
corresponding percentages time indicated the open circles Figs. 
and the constant selected for the first trial too small, the points will 
lie along curve which flatter than the original one, that is, between the 
dotted straight lines and the curves. too large quantity used, the 
auxiliary curve will reversed, concave downward and lie below 
the position the dotted straight line. 


Run-off 
second-feet per 
square mile, 


Percentage 


second-feet 


Percentage 
square mile, 


time, 


~ 
o 


~ 


S oo 


Data from Fig. 10, Transactions, Am. Vol, LXXXVII (1924), 170, 


curves can: now plotted through the original points means 
the auxiliary dotted For example 2), this curve crosses the line 
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ordinate locate point eight units above, that is, the for 16. 


© a 
0.07 
0.05 
0.04 
c 
0.03 
Time =Run-off Second Feet per Square Mile 
This will point the required curve. the same manner any number 
points may plotted extend the curve any required distance 
either direction. All the curves Figs. inclusive, were plotted this 
manner. 
#0 
c 


a 


Time 
FOR CHAMPLAIN RICHELIEU RIVER, CHAMPLY, 
QUE., 


The duration curves Figs. and are the only apparent dif- 
ference being the degree curvature, Fig. being the flatter. However, 
there marked difference the left-hand part the frequency curves. 
Fig. this curve begins tangent the R-axis, while Fig. perpen- 
dicular this axis. difference also evident from the equations the 
curve. the first case the value the exponent, greater than while 
the second case it.is and The change takes place the value, 
for which value the curve would leave the axis some definite angle. These 
characteristics will demonstrated the mathematical analysis the 
equations. should noted that the equations for the curves Figs. 
and have values greater than 3.3 for the and, therefore, that 
each case the mode greater than the mean, giving negative skewness. 


=a 
Se 
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run-off, 
Percentage 
time, 

40. 
Percentage 

Percentage 

time, 
Percentage 

mean 

Percentage 

time, 


Percentage 
Percentage 
time, 


-_ 


Fig. shows the curve for the annual discharge through the outlet 
Lake Champlain,* from data Table The curves this diagram 
are particularly interesting since the coefficient variation, given 
Table negative. The duration curve flat and upward while 
the frequency curve high, with the mode greater than the mean and the 
average range unusually small, only about 22% against 60% Fig. 


Revised Data for unifor 
dition of 80 percent Run-of 


eo 


Percentage Mean Run-off 


0.15 


0.05 


5.—CURVES FOR RIVER, WARTOOK, AUSTRALIA. 


The writer indebted Mr. Standish Hall, who kindly furnished the data for the 
Lake Champlain Outlet, the several Australian rivers, and the Sweetwater River, California, 
have added greatly the value this paper the variety conditions 
ustrated, 
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Fig. shows decided difference the duration curve (plotted 
7), which concave limit apparently negative and 
constant must added the values bring the data into suitable 
form for. plotting the auxiliary curve. The frequency curve for this river 
comparatively. flat with the mode greater than the mean, Fig. but 
with the beginning the curve 80%, shown the dotted part the 
left. These curves should not interpreted indicating possible negative 
run-off, but approximately run-off probably 14% the time. Actually 
minimum the mean was recorded years’ observations. ‘The 
duration curve was made pass through this point and averages the 
remainder the data remarkably well. 


Percentage 
mean 
run-off, 
Percentage 
time, 

Percentage 
mean 
run-off, 
time, 
Percentage 
mean 
run-off, 
Percentage 
time 
Percentage 
mean 
run-off, 


Percenta 
time, 


218 
222 
247 


14. 
20. 
29. 


Data furnished the courtesy Mr. Standish Hall. 


The data was condensed omitting the two lowest records 
and taking alternate items after arranging them order magnitude. 
This does not materially alter the shape which the data are plotted (Fig. 
while serves, well would the complete record, illustrate the par- 
ticular type frequency curve shown. This rather rare type indicated 
the equation the curve value less than unity, The curve begins 
the lower limit infinity and does not have any hump. 


TABLE River AUSTRALIA.* 


Percentage 
mean 
run-off, 
time, 
Percentage 
mean 
Percentage 
time, 


Percentage 
time, 
Percentage 
mean 
run-off, 


COM 


BOK OE 


condensed from Table 16, Transactions, E., LXXXIV (1921), 


cal 
sig 
the 


| 
| 
P 
251 
rr 
108.5 
118.5 
146.5 
249.5 
56 


ers, 


able 
able 
but 
the 
ally 
the 


Thus far, all the variations the shown 
can expressed suitable variations values and 
signs the constants Equation (Equation (S) only special 
case Equation (A), which the constant, becomes zero.) The limits 
Type III Pearson’s skew frequency curves, while Figs. and belong 
not clear. 


o 


te Percentage of Time of Mean Run-off 


FOR MURRAY RIVER, AUSTRALIA. 


The next four diagrams (Figs. 10) illustrate the graphical and mathe- 
matical representation data requiring slightly different treatment order 
permit the plotting linear auxiliary curve. For these curves neces- 
sary the columns values (Tables and 10), well the 
values —a, the shape the curves shows that Equation (B) must 
used. The required value the constant, can found approximately 
trial, that the ratios plotted the corresponding values 
the percentage time, will approximate straight line for guidance draw- 
ing the necessary auxiliary curve. The can computed with sufficient 
ordinary 10-in. That this method treating the 
data indicated when the original ‘data show evident reversal 
the direction curvature when plotted The 
constant, straighten the right-hand end the data the same 
way that the constant, was used the first illustrations straighten the 


20 
} 
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Ss 


Values 


Time 
Fic. FOR DONNER CREEK TRUCKEE, CALIF. 


Fig. shows the curve for the data Donner Creek, California, given 
Table While the records are too few give smooth curve they serve 
illustrate the method computing and plotting linear function for data 
following skew frequency laws which both limits are evidently finite. The 
frequency curve shows flat top, indicating nearly equal probability for the 
entire range average conditions. 


TABLE 9.—Donner Creek 


Percentage 


~ 
~" 


Data from Table Transactions, E., Vol. LXXXIV 


curve for West Canada Creek (Fig. 8), from the data Table 10, 
seems common type for hydraulic data. The total range between limits 
quite small account the relatively high value the This 
frequency curve also has nearly flat top across the average begins 
the left. _This means that the best mathematical 


, 
+4 
Revised 


apers, 
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expression will fit the case and not that there infinite probability 
the oceurrence the minimum limiting run-off. the selection the limits 
has been properly made highly improbable that actually either one would 
ever reached. should noted that the value the exponent, the 
equation. for this curve less unity while for Donner Creek greater 


c 
= 
oO 
a 


Revised Data fo 
Values 


WEST CANADA CREEK TWIN ROCK BRIDGE. 


than unity. Both these curves are expressed mathematically the use 
Equation (B) and belong Type the Pearson curves. Fully one-third 
the curves plotted the writer are, this Different values 
the exponent, indicate the same the beginning the 
left-hand end the frequency curve for for Equation 
However, the value the for zero skewness could not determined 


Percentage Percentage 


‘ ‘ 
data 
The 
(2) (3) (4) 
10, 0.268 
This 
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The data for the Sweetwater River the Dam, California, 
Table 11, presents most, and unusual, the 
the maximum ten the mean. When these data are 
plotted skew frequency paper (Fig. they form reverse curve, but. the 
direction curvature opposite that shown Figs. and However, 
only necessary change the minus signs plus the function, 
R—a 
function the same manner for Figs. and The duration curve and 
the approximate frequency curve for the Sweetwater River (Fig. 9), show that 
during about 18% the year run-off may expected the dam. 
this case the frequency curve has apparent origin 50% the time, 
indicated the dotted part. The upper limit this curve becomes 
the change the sign The excessive skewness causes the range 
average run-off extend from about 9.5 110% the mean. Equation 
(B), herein used, should make possible investigation the 
probable frequency the occurrence such conditions which may pro- 
duced varying combinations supply and demand, and hoped this 
method will prove useful for such studies. 


TABLE River THE Dam, 


run-off, 
time, 


Percentage 
mean 
run-off, 

Percentage 
mean 


@ 


502 
040 


These data were supplied courtesy Mr. Standish 


Special Cases Hydraulics and the lower the 
data Fig. had been positive instead negative, the curve would have 
been concave upward the left with the same strong upward tendency 
the right. hydraulic data have been found illustrate this condition, 
but Fig. 10, plotted from data the valuation house property England 


inte 
i 
118 168 
150 200 0.750 
206 256 0.804 
217 267 0.812 
266 316 0.841 
i a 


and Wales, Professor Pearson (Table 12) Both the 
integral and differential curves (Fig. 10) have the 
Fig. but with much sharper curvature. The data cannot 
Equation (A). 


~ 


Values 


Percentage Fime 
FOR SWEETWATER RIVER SWEETWATER DAM, CALIFORNIA. 

The last diagram this series illustrates another unusual case. 
Repeated trials, using numerous different combinations limits, failed 
produce even approximately satisfactory ‘curve the process shown 
the preceding diagrams. Finally, hint the suggestive papers 
skew curves Dr. Kapteyn (to referred was found 
that plotting the data (Table 13) from right to, left instead from 
right every other instance, theoretical could drawn which 
would follow closely four-fifths the plotted points. In, Fig. values 
are given the top and increase from right while the bottom 
those which inerease from left right represent 100% evident that 
the are symmetrical about the ordinate for change 
amounts substituting for the left-hand member the fundamental 
slope the auxiliary curve negative and hence the sign ‘of the exponent, 
negative. While for about one-fifth the upper end the curve 
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. 
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ave 
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follow the plotted points closély, does indicate the same: 
tendency Evidently there some cause or, set causes 
producing this deviation which cannot expressed 
simple law that which seems fit the remainder the data. lower 
limit the frequency curve apparently —10 per cent. Hence zero run- 
off may expected. substituting zero for f(R) reduces 0.025, and 
found that would then 0.2%, about once 500 years ‘there might 
season run-off. While the maximum may perhaps 300% the 
mean run-off, years less than average discharge will much more fre- 
quent: fact, one-half the time the total annual discharge this river will 
probably less than 65% the mean. Attention called point 
order show the danger basing engineering designs information 
the mean only valuable information sometimes obtained from such 


frequency studies those illustrated. 


1885-1886.* 


ouses, requency. value 


— 


100 
150 
300 
500 
000 
500 


“Skew Frequency Curves” (First 35. 


The equations the duration curves for all the illustrated are given 
the diagrams. Equations for the frequency curves can obtained the 
ordinary process differentiation. The general forms for these second equa- 
tions have already been given, being such the constants can readily 
computed from those the duration curve and the equations can also 
easily formed without using the actual process differentiation. 

The form skew frequency blank diagram given Fig. 
with those used all the foregoing examples. engineer wishing try 
out this method experiment with ‘his own data will find this blank con- 
venient for his use. trial will demonstrate the simplicity the principles 
involved and, hoped, the here given will enable any 
cessfully draw skew frequency curves fitting his own case. 


was afterward found that much closer with the data upper end 
the curve Fig. could obtained using the most general form Equation (B). 
involving five constants. (See dotted curve and its equation, Fig. 11.) 


Pap 
160 
38.0 
8.8 0.0015 
3.0 0.0005 
— 
: 
= 
: 


Y — 
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Fic. FOR VALUATION PROPERTY ENGLAND AND WALES, 


1885 1886. 


001 


"2 JO 


ROHR 


These data were furnished the courtesy Mr. Standish Hall. 


neral 
100+2 
02 
qua- 
61.7 361 245 
(B). 
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Extension Short-Term Record the practical use the fore- 
going method plotting skew frequency data, the best results will obtained 
the series contain least twelve fifteen records. Still longer series are 
likely give smioother curves, which ean extended with greater 
Some students have objected this method analysis the ground that, 
series of, say, five six consecutive records are taken from longer series 
and treated they constituted the entire series, the curyes and equations 
might quite different from those obtained all the observations were used. 
The same objection would apply any other method only 
small number observations are taken into consideration. The fluctuation 
and 10-year averages computed from long-time records rainfall well 
recognized, and attention has frequently been called the basing 
conclusions such short-time means. 


Time 


Revised Data for 


+10 
Values 


° 
3 
c 
° 
a 
a 


Frequency 


Percentage Mean Run-off 


possible avoid this difficulty some extent even when there are 
only from five ten records available there much record 
another point the same neighboring stream, provided the difference 
conditions not too great. method similar that indicated* oel 
Cox, Assoc. Am. Soc. E., has also been used other engineers deal- 
with short-time Its the foregoing method 
treating hydraulic data given here order make this paper complete 
reference work for those who may not familiar with its use. 


“Periodic Rainfall Hawaii,” Transactions, Am. Soc. E., Vol. 
LXXXVII (1924), 
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Table are given run-off data for the Carson River, Empire, Nev., 
and for the West Fork the Carson River Woodfords, Calif. Columns 
(1), (2), are taken directly from Mr. Hall’s paper previously men- 
tioned. Column (4) the data Column (2) for the Carson River re- 
arranged the order volume total annual run-off. Column (5) 
appears the percentage the total time for which the corresponding 
ages the mean annual run-off will not exceeded, the 


Column (6) the cologarithm the decimal fraction should 


noted that all the quantities Columns (4), (5), and (6) increase the 
same direction. Now, suppose that only the last five records given Column 
(3) for the West Fork are available and proposed investigate the 
probable frequency high and low discharges Woodfords, Calif. These five 
records are listed Column (7) opposite the record for the Carson River 
Empire for the same year, appears Column (4). skew frequency 
paper not available, ordinary paper may used, illustrated 
Fig. 18. such paper the percentage the mean run-off taken from 
Column (7) plotted the corresponding cologarithm given Column (6). 


TABLE Carson River anp West Fork 
Carson River, 


order 
volume. 
1910-11 
1914-15, 
Percentage 
time for 
five records, 


time record 


West Fork 
Carson River, 
Woodfords, 
Carson River, 
not exceeded, 
West Fork 
Carson River, 


» 
Soa 


96.5 
83.9 69. 


1916-17 


Data from Table Transactions, Am. Soc. Vol. LXXXIV (1921), 196. 
Data distributed according Carson River frequency numbers, 


The points are shown the solid dots the diagram. smooth curve can 
evidently drawn through four these points. order plot this 
theoretical curve first necessary plot the auxiliary curve. found 
trial that subtracted from each quantity Column (7), the first, 
third, and last points will fall straight line when the quantities, 64, 


1901-02 65.9 0.040 66.0 0.155 2.0 
1906-07 182.3 187.4 0.209 0.801 13.6 
1914-15 80.5 0.833 
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Column (10) are plotted the corresponding cologarithms from Column (6). 
This shown the dotted straight line and the crossed circles Fig. 13, 
from which the dotted curve was then plotted. The curve shown the solid 
line was plotted the ordinary manner, using the full record fifteen years 
Woodfords, treated without reference the records Empire. The com- 
plete data are shown the open circles Fig. but the auxiliary curve 
not shown. closer agreement between the two curves might have been 
obtained the records first more had been used place 
only the five last years. the five records used had been treated without 
reference the longer record the same stream, the data given Columns 
(8) and (9) Table would have been computed and plotted shown 
the small triangles, 


Values 


c 
3 
c 
o 
° 
oO 
o 
a 


these points would widely from: the 
curve for the whole series throughout most its length, but would cross 
near each end, while the curve obtained the aid the long series departs 
considerably only one end. evident that records for more than five years 
are usually necessary for reliable results. The equations any these curves 
can obtained most easily, after finding the approximate limits of, the 
curves, substituting Equations (A,), (B,), the case may be, 
the co-ordinates two well-defined points any curve. the numerical 
equations have been computed this manner, 

Population line investigation which these equations 
should prove useful the representation and prediction the growth 
municipal and general population. Their application such studies shown 


has shown that population growth seems follow law best represented 
ogee curve, just has been found the case with hydraulic data. 
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Figs. 14, 15; and diagrams also illustrate the straight: line 
plotting the logarithmic equations, (A,) and (B,), ordinary co-ordinate 


Log (year-1740) 


2.0 


Log colog 


Fre. FOR POPULATION EAST ORANGE, 


Table 15, the population East Orange, J., 
taken 125000. This the value assigned the equations, here 
represented trial found that the origin taken the year 
1740 (=a), the data are closely approximated. order make the 
significance the various terms the equation clearer, the expression, 
(year 1740), replaced and representing the population any year, 
used instead The quantities Table 15, Columns (2) and (3), are 
computed from Column (1), and Columns and (7) are computed 
with 125000 and the quantities Column (4). Corresponding values 
are plotted from Columns (3) and (7) shown the circles Fig. 14. 
The auxiliary curve can then drawn and fits the data quite scale 


log colog was reversed from the usual direction that the 


auxiliary curve would not parallel the general direction the final curve, 
hence the slope the auxiliary curve not negative might thought. 

substituting the co-ordinates the first and last points the auxiliary 
curve Equation (A,) the values the remaining constants are found and 
the following approximate equation can written: 


The reverse curve shown can now plotted from this equa- 

tion graphically readings taken from the auxiliary curve. The value 

the exponent, this equation large and hence the the 
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‘Pip WO iit iy 

for. the ‘probable maximum that can. supported the area 
estimate will given connection with the next example. 
be, noted that the reverse curve follows the economic laws, now generally rec- 


(Assumed maximum population, 125 000.) 


log colog. 


Data from Fig. 17, 22, “City Plan for East Orange, report City, Plan 
1922. 

excellent example the application this equation. statistics are 
the same manner ‘as preceding case. ‘The dotted line Fig. 
curve based the assumption the maximum popula- 
tion which the area the United ‘States 400 000 000 
and that the curve begins with the year 1620. 

This line fits the quite well along the central but there 
slight departure the points plotted the left the middle, which can 
reduced taking earlier year origin. The deviation the direc- 
tion indicated the last four points the right from the direction the 
dotted line may due over-estimate value the limit. The 
equation for the population obtained from this auxiliary curve is: 

which, the population, millions, and the corresponding year. 

With the values the gonstants the for- 
mula for the mode found that, with limit 400000000 for the total 


| fit 


EY.* 
~ q 
Year. 
1870 815 0.0155 —1.810 
1880 140 2.146 0.0801 —1.521 
145 328 0.0876 —1.425 
1890 2.176 282 0.0491 —1.309 
1895 155 2.190 927 0.0675 —1.171 
1900 160 506 0.6820 —1.086 
1910 2.230 781 0.1415 —0.849 
cad 
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population, the probable year maximum rate growth would 1970. 
Examination the statistics shows that the average rate increase was 
greatest for the 10-year period from 1900 There was 
decrease rate during the next 10-year period which was doubtless due, 
least part, the practical suspension immigration and other economic 
results caused the World War. While the decrease rate is, therefore, 
probably more less temporary, it. will assumed for the purposes 
illustration that the year maximum rate increase was 1914, that the 
population for that year, found interpolation, was 500000 and that 
the average annual increase 1600000 during the previous decade also 
applied for that year. was found trial that with the year origin kept 
Log 
N N 


o 
S 


Millions 
P-p 


Log colog 


15.—CuRVES FOR POPULATION UNITED STATES. 


constant, large change the value would cause relatively small 
change the value Now assume that and remain constant and are 
found trial using any reasonable value the data show that the 
probable year maximum rate increase has been passed, and the values 
and (population and annual increase for the given year) are computed 
for that year, then approximate value for can obtained follows: 


, 
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Hence, substituting for for and for p’, the 
formula is: 


which, the year maximum increase, while pmax. and are the 


corresponding population and rate increase. 

Substituting Equation (10) the values proposed for the constants, but 
with 1570 instead 1620, the value found 201 400000 for the 
limiting population. With these values for and points were computed 
and the second auxiliary curve shown the solid line was drawn. This line 
fits the data perhaps little more closely than the first one, although there 
little choose between them. The curve drawn through the original data 
shown the dots Fig. 15, plotted from the second auxiliary 
curve and really good fit. Its equation is: 

Other authors have suggested* the desirability equation giving 
unsymmetrical curve account possible (if not probable) skewness 
the curve for the rate growth the United States. The equations herein 
presented are believed offer the means for providing any required skew- 
ness the rate curve and give integral curve comparatively simple 
and usable form. The numerical equation for given only for the pur- 
pose illustration and should not considered the writer’s proposal for 
basing estimates to,the future population. The value any such equa- 
tion depends the reliability with which the upper limit population can 
estimated and this more problem economics than engineering. 
For the United States perhaps more probable that the limit 400 000 000 
than 200 000 000. 

population curve somewhat more difficult represent mathematically 
given Fig. 16. shows that the growth New Bedford, Mass., may 
considered the result the simultaneous operation two distinct laws 
depending entirely different and independent sets causes. The heavy 
line drawn average the plotted points can resolved into two The 
first shown the light solid line, the “curve of” normal growth. This 
curve and its equation are the same form those shown Figs. and 
15. The dotted curve represents approximately the rise and fall the 
population engaged the whaling industry. This business had such 
marked effect the life the city that may considered independently, 
governed distinct laws. equation can formed for each these 
secondary curves. That for the total population then written adding 
the right-hand members the first two equations. the total population 
any year represented and the year the equa- 
tion the final curve is: 


1770 


Engineering News-Record, December 1921, 889. 
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small 
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eral form Equation with the exponent, equal 2c. 
upper limit the year Equation the corresponding value 
not but passes through the maximum value, when and then 
decreases toward the limit zero., Evidently the whaling industry have 
reached its zenith New and been ever 


Population Thousands 


14, 15, and illustrate possibilities the use the 
studies for extensions municipal water supplies, and sewage works, and 
for the future needs transportation and communication. hoped that, 
with the suggestions and Van Uven the significance 
the various terms the right-hand member the equations, 
possible arrive surer the causes producing changes 
estimate more accurately their effects. 

The following possible application suggestive only, and 
revision after further study and discussion. The population dis- 
trict evidently increase with time, due and 
new families. also depends the date origin, the effect which 

constant; increase the numerical this date tends decrease 
the results the causes increase population. Likewise caused 
death otherwise tend decrease the population, ‘such increas- 
ing more less proportion the time. the relation between causes 
increase and decrease population are fixed and constant, Equation (A) 
may used the law their resultant effect. however, 


express the same idea non-mathematical terms—the later date 
results attendant relative decrease population. 


j 
q 
- 
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wo 
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show the some fixed cause affecting the decrease 
population, which cause fixed date, the. causes that 
tend toward reduction population are such that their total result 


then Equation modified for the ‘New Bedford 


‘fitting curve the data given Table 16. The resulting 


skew the quantities measured, Dr. Kapteyn, from his 
analysis the data, was able state the general nature and effect the 
causes producing the results observed. Similar conclusions also 
drawn from the curves and equations shown Fig. 17, resulting from the 
writer’s stated Dr. Kapteyn that figure could given 
(perhaps from lack time, the-work was then the press) and equa- 
tions are given. the other hand the methods here given permit not only 
the construction the duration and frequeney curves but also the formation 
their equations. 


168 12.2 210 120 567 42.4 100 0.0100 
215 16.1 180 0.00556 956 71.5 0.0148 
100 442 0.0088 210 336 99.8 0.1000 
110 490 110 


Paper), 


interpretation the observed, best given the words 


Those however, overcoming the first difficulty 
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begin grow very rapidly indeed, the rapidity increasing till the size 
creases, only half the maximum growth for the individuals the size 
below one-tenth the maximum growth for the individuals size 
“All this proves good agreement with what has 
observed. Dr: Tammes writes: “The case sent you follows: the 
quantities communicated are stalk-lengths Linum crepitans, variety 
the ordinary flax. They were measured, moment which the growth 
had not yet ceased, The seeds were sown ‘in great deep flower-pot. 
Their number was purposely taken very high, that they were extremely 
crowded, therefore, the difficulty for each seed was get root 
into the soil. seems allowable assume that all the seeds germinated. 
This has necessarily entailed intense struggle, and many individuals must 
not have succeeded, not sufficiently succeeded. For those who really got 
their root the soil, there now came good time. There was ‘food 
for good many very small plants. The case, however, changed when the 
plants, becoming greater, required more room: Then second struggle 
ensued, viz., the struggle for the available food the too narrow room. The 
plants now became more and more impeded their growth’.” 


Length 


— 


220-z 


Values 


Frequency 


10 20 
Percentage total 
number records Length 


These facts are also shown the curves and equations Fig. 
follows: The difficulty germinating indicated the the fre- 
curve begins height about 0.11 above the and the 
form the equation, which has theoretical lower limit giving 
finite length zero, The rapid early growth shown. 
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the fact that the curve nearly parallel the axis the left, 
which the causes growth. This was made 
possible while the plants were small the presence plenty food. Soon 
the confinement the flower-pot and the depletion the, food soil 
began retard growth; shown the rise the frequency curve. 
The large number individuals between the lengths 140 and 170 shown 
the height the frequency curve the mode and the steepness the 
sides the hump. for individuals this size the reaction the 
causes growth was comparatively weak and the second struggle 
While the departure the duration curve from two three the points 
the upper end the curve would make impossible extend the curve 
this direction, this departure applies only about the total number 
individuals observed and therefore does not detract from the value 
the conclusions drawn from the curves whole. The close agree- 
ment the theoretical curve with 99% the data would lead the conclu- 
sion that the equation adequate for the purpose interpolation formula, 
and hoped that the method may prove useful biology statistics 


The foregoing illustrations show considerable variety conditions 
governing which follow skew frequency laws 
distribution investigated the writer’s simple methods. The 
cases illustrated cover such general range conditions that would seem 
that any could soon acquire facility making studies. 

previous. papers and discussions published the Society, numerous 
attention the limitations and difficulties adapting Pearson’s 
skew frequency curves for use with short series rainfall and 
run-off data, the problem which has been the writer’s object overcome, 
possible, new, methods investigations. For example, Mr. Hazen 

“Data represented skew probability curves are capable being handled 
mathematical analysis, methods are complicated. for 
stream-flow data, there are two reasons why the mathematical analysis 
not First, the difficulty applying the methods too great for 
some and, second, and more ‘important, term records 
are available are not long enough serve basis 
determination the shape the curve.” 

‘This undoubtedly refers proper type the Pearson probability 
curve, the which, therefore, seems matter judg- 
ment and may approximate, provided fulfills the majority 
the requirements. equations were required Professor Pearson 
cover the practical range skew frequency variations. 


Transactions, Am. Soc. E., Vol. LXXXIV (1921), 214. 
Loc. cit., 228. 
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and, others have shown, that Professor Pearson’s curves 
seems very for representation rainfall 
* * * * 


frequency curves utilized biologists statisticians, only 
particular cases. For this not wholly satisfactory 
for engineering integral frequencies, rather, than, 
individual events, are mostly 


This criticism the Pearson they cannot gen- 

the uncertainty the accuracy the based coefficients 
criteria from series not more thirty, terms 
which show considerable irregularity and from smooth curve. 
This usually the case with observations rainfall In, dis- 
cussing the accuracy the skew which is, shown, may be, from 
17.5 error, for records from down, years length, 


“An actual record will not correspond precisely the theoretical curve; 
and the coefficients, computed from therefore, would prob- 
ably show greater variations than are indicated Table 3.” 


*(2) The coefficient skew greatly affected the length the series, 
and very long record would give for which would con- 
sidered very 

his closing discussion, Mr. Foster continues the same yein: 


“For ordinary engineering work, however, the are yery lim- 
ited number. result, although the coefficient variation can com- 
puted with fair degrée precision, the skew deter- 
mined only 


all bring out much the same idea discussions Mr. Foster’s paper. 

using the methods plotting duration integral frequency curves 
described herein, and obtaining equations these curves, not 
necessary these coefficients unless they for 

That there are certain limitations and difficulties the 
equations, especially when both the curve are finite; admitted. 
However, these difficulties will found than practical, 
else they will found the very, such fluctuating 
rainfall and run-off, and would apply methods 
Numerous trials have shown with these equa- 
will fit data following skew frequency laws distribution 
those based any equations heretofore 

Loc. cit., 197. 


Loc. cit., 180. 
Loc. cit., 176. 
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After equations and method plotting skew fre- 
and criticism. ‘Through his kindness writer year 
valuable and suggestive papers skew frequency curves Kapteyn and 
Van Uven.* They ‘show function which seems much the 
same herein their papers, indicates the character and effect the causes 
producing the variations the observed They state 
the (1) the records distributed according 
the “normal Gaussian law” (plot straight line Hazen’ 
when the data plot straight paper (for example, 
and “the élementary proportional the value (3) when 
the data, plotted skew paper, fall curve (for example, 
constant the foregoing discussion), “the elementary increment consists 
part proportional the attained value (which positive for posi- 
tive value another part independent from (which negative 
for positive a)”; and (4) the data are best: fitted Equation 

Equation (B) condition common hydraulic dis- 
cussed Kapteyn and Van Uven. provides for the simultaneous results 
the expression the, the frequencies dis- 
charges, when viewed light the quotations, Consider the 
principal factors affecting variations general. proportional 
rainfall; positive increment, the latter tends positive: 
increment the former. Absorption, deep seepage, are all 
positive demands which are, more less, both and independent 


Professor Astronomy 1903; ‘Skew Curves in. Biology and 
Mathematics Groningen, 1916. 

Second Paper, pp. follows: 

“The rate increase some organism under the influence not 
only the intensity that cause, also the degree which the organism reacts 
upon it. For some cases the rate increase plant may considered 
proportional the area some organs plant. measuring the diameter, 
the organ concerned find the rate increase proportional not only the intensity 
the cause (rain, solar heat, etc.), but the second power the meas- 
ured quantity, this case the “reaction-function.” the increment 
the plant, the measured quantity, proportional ‘as the 

“The increment within some period growth may considered 
increment. multiple proportional the the cause, the 
elementary increment is, its turn, proportional the reaction-function.” 

these nomenclature Kapteyn and Van Uven has been changed 
conform with that this paper. 
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the amount run-off and which have most decided effect reducing 
(see Kapteyn and Van Uven’s Deduction (3)). from land and 
water surfaces depends large part the amount moisture available, the 
loss from this source increasing with increase run-off. the same 
time topography has large effect, while variation entirely 
independent any changes the actual amount the run-off (see Deduc- 
tion (4)). 
While this interpretation the terms the function may require 
scientific investigations such data. The plotting two three sets 
annual flood heights discharges fit Equation would seem indicate 


that all but the causes producing effects proportional (see Deduction (2)) 


are such minor importance negligible. The writer’s development 
these equations was entirely empirical but the interpretation 
expressing the results the action various causes affecting phe- 
nomena, gives them semi-rational basis which materially increases their 

using these equations for the rainfall run-off data, 
necessary, account the irregularity the data, assume the values 
the upper and lower limits the curve. This calls for the exercise the 
engineer’s judgment, guided any indications tendency toward 
definite limits when the data are plotted “logarithmic” skew 
paper. This may considered some insurmountable 
the use these equations. has been found, however, that two three 
trials will generally give satisfactory results. may noted that Kapteyn 
and Van Uven also find necessary estimate the values the limits for 
their curves. 

the data plot particularly smooth curve, especially the lower end, 
geometrical method* may used which the approximate values the 
lower limit, the curve can theoretically determined. probable 
that similar method could used the the curve deter- 
mine the value the upper limit, the data were sufficiently regular. All 
the values the limits the curves shown the were found 
trial with little trouble. 

sufficient data are available and the investigation 
importance, approximate values for the constants the equations can 
determined the graphical method here given and corrections give more 
exact values can then computed the least squares, but this 
should seldom necessary. 


graphical analysis “integral skew frequency” 
curves”, herein presented, developed especially for the examination 
consisting from about ten fifty With fewer than 


267-268. 


‘ 
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ten the results are liable great uncertainty, while with more than fifty the 
data must grouped for convenience plotting. 
2.—The equations presented cover practically the entire range condi- 


tions for the analysis hydraulic and many other types skew, 


frequency data. The field much more general than that heretofore avail- 
able for use engineering design. 

3.—The equations may useful such studies the growth 
population. 

4.—By the method data may plotted linear function 
the independent variable and hence the curve can extended reason- 
able distance beyond the range actual observations with much more confi- 
dence than curves either single reyerse curvature were required. 

5.—Data may plotted and curves drawn “logarithmic” “skew 

frequency” paper without the necessity computing coefficients criteria 
uncertain accuracy, the use special tables coefficients. The only 
mathematical aids are ordinary slide-rule and table four- 
place logarithms. 


6.—The operations this method are easily that 


for purposes design any engineer can make scientific investigations data 
which the seem follow obscure skew frequency 
laws distribution: 
irregular hydraulic the accuracy the method 
judgment and skill the engineer selecting the best values for the 
limits the and drawing the line that best represents plotted 
points. The other constants the equations are found 
simple computation. 
8.—It possible analyze the causes of, and their effects on, 
phenomena studied the use these equations, and resolve complex 
results into simpler forms, which are more easily investigated. 


This paper was prepared the result studies the papers Allen 
Hazen, Am. Soe. Standish Hall, Assoc. Am. E., and 
Alden Foster, Assoc. Am. Soc. E., and could not have 
except for the previous studies these engineers. Mr. Hall’s courtesy and 


assistance has already mentioned. Acknowledgment should also made. 


the assistance Horace King, Am. and Professor 
Theodore Running, both the University Michigan, who gave valuable 

for information and. data population curves and for the papers 
and Van Uven. Messrs. Lee, Chief Draftsman, and Kiang, former 
Assistant Engineer, Works Department, Chihli River Commission, assisted 
the preparation the diagrams. 
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Synopsis 


The this paper determine the correct, amount 
steel required the top concrete beams slabs the for 
varying degrees The discussion based the established 
The area steel the bottom: plus the the 
top, over the supports, shown equal the area required the bottom 
simply supported span the same length carrying the same load. 

Many city building codes and other recommendations: total 
area steel concrete beams calculated from the equation, the 


giving area steel that will adequately. and satisfactorily care for all 
the bending stresses. 


Although have been used extensively for 
the past twenty-five years, and the general theory their design has been 
quite fully developed, yet engineering literature, including the publications 
the Society, give meager discussions the proper distribution 
ing steel concrete beams and slabs. Believing that this subject im- 
portant the correct area steel ‘used, the writer presents this paper 
the hope that the discussion will lead the establishment the correct 
constants use the design monolithic. concrete structures. 

The following general conditions ‘should kept mind: 


cement, rock, and steel, and, consequently, are 
2.—They usually have T-sections the center the span, and 


sections the supports, and, therefore, have varying moments inertia. 
discussion this paper will closed November, 1926. When finally 
closed, the paper, with discussion full, will published Transactions. 
Vice-Pres, and Chf. Engr., Smiser Constr. Co., Oklahoma City, Okla. 
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tionably fixed its beam framing into concrete 
columns should considered partly fixed the supports, shown 
later. 

Likewise, beam framing into instead columns with beams 
equal greater size the spans should fixed 
the supports. the beams the adjacent spans are smaller, however, the 
interior beam should considered fixed, will later. 
will assumed that concrete beams monolithic structures are fixed 

partly fixed their supports and the bending moments produced the sup- 
ports, based certain reasonable assumptions, will determined. 


Let (Fig. represent simply supported beam carrying 


supports, and are also that the maximum bending 


moment the center line the equal to: 


2 
M, ( ) +- 


The variation the bending moment may shown graphically para- 
bola, (Fig. 2), drawn through the points support, The vertical 
sity the bending moment point along the span the 


Assume that instead simply supported, this beam, (Fig. 2), 
fixed the supports. Evidently, there will moment the 
support inducing zone tension the top the’ beam and zone com- 
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line the span, and compression the bottom the support, there must 
point zero stress somewhere between the center the beam and the sup- 
port. point near each support is. generally known the point 
The part the beam between the points contraflexure 
may considered simple span, and the part from the point contra- 
flexure the support, cantilever beam. 


Assume that the bending moment the center this beam, 


locate the points contraflexure and determine the bending moments 


which are produced the supports. Referring Fig. draw the base line, 
the parabola, represents the bending moment between the points 
contraflexure. Considering the base line, unity, the distance between 
the points contraflexure may determined follows: 
but, 
unity 
therefore, 


Then, the distance, from the center, line the point contraflexure 
0.4471, and the distance, C,, from the point contraflexure the sup- 


' 
N 
til 
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per linear foot, the reaction 0.447W1; then the moment produced 


will noted that the sum the moment the center the span and 


the average the moments over the supports the moment the 


0.025 


Also, that the moment the support one-fourth the moment the center 
the span. 


like assume that the bending moment the center the 


and, considering the base line, BB, unity, the 


Considering simple span carrying the load, per span, 
will be, 


0.092 


Notice, again, that the sum the moment the center the span and the 
average the moments over the supports equal the moment the center 
simple span the same length, 


Assuming further for the moment the center, successively, 


14’ 
16’ 20’ 


tilevers each case will shown Fig. all cases the sum the 
center moment and moment the supports equivalent the 
moment for simple beam the same span. 

Since the bending moments the supports and the center the span 
determine the area steel required those points, the foregoing discussion 
shows that the designer has wide latitude the distribution the 
the interior spans monolithic concrete structure. place the 


ine, 
‘hen 
xure 
sup- 
load, 


‘of all the steel required the equation, 


thus take care the positive bending but, account mono- 
lithic construction, unsightly cracks would over the supports and 
near the columns and these might enough affect the strength 
the structure. Again, can place all this steel the top over the sup- 
the steel required this equation bottom the center 
the span, and the remainder the top the beam the supports, detail- 
ing the beam accordingly, and the design will for all the bending stresses 


nist 


The the steel beams and slabs should governed. 


i} 


the following considerations: 


A.—The area steel the top beam framing into column should 
minimum consistent with good that the bending moment 
beam framing into one face the column only, may minimum. 
The columns perform primary function supporting the floor loads and 
should not burdened with unnecessary bending which 
material théir size and cost. 

the span, and rectangular section the support. Therefore, the support, 
the concrete can develop, stress -in only, 
much steel the center the span. the area steel the top 
the center, necessary increase the depth the beam considerably 
supports, order develop the top steel. mate- 
rially increases the forms and conform the 
irregular and sloping soffits the 

C.—Beams framing into girders from sides and approxi- 
mately equal spans should have over the supports minimum area steel 


with good designing. this case, each beam fixed its com- 


panion, and the forsional resistance the girders. Evidently, the greater 
the area top steel, the greater will the torsional 
unbalanced loads, unequal spans. 


careful, study the foregoing theoretical and con- 


logical and practical place the same area of, steel the top over the sup- 
port bottom, the center the span. This type consists slabs 
approximately equal spans forming parts the slab- and-beam type 
construction, The, slab has the same depth the support the center 
the span, and, eonsequently, will develop the same area steel, both 
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however, the area steel over the supports is, made, three-fourths, the 
placed the bottom the center the span, the interior should 


the bottom, the interior slab spans should designed for 


Unless beam has rectangular section its entire length 
impractical and illogical place the same area steel the top over the 
supports placed the bottom the center the span, This condition 
place more steel the top over the supports than the rectangular beam 
develop; costly and undesirable either extend the straight 
bars the bottom beams into the adjacent spans doubly reinforcing the 
beams the supports build heavy concrete haunches the supports, 
develop the top steel. 

The bending the columns large area the top 
the beams the supports vital factor the design. The wall columns with 
thém right angles the wall line would subjected 
serious bending stress. This bending stress section the 
column, extending half story both below and above the beam, 
provided column bars extend about diameters below and above the 
rough floor for bond. The interior columns would experience 
either unbalanced loads unequal spans. wall columns not 


For ordinary about ft., the bending the col- 


umns would and can easily cared for the design based 
the foregoing assumptions. 


Moment 


careful study these thedretical practical considerations points 
the following conclusions: 


beams framing into brick walls should 


beams framing into concrete. should considered 


and should designed for moments, WF, the center, 


3.—End-span beams framing into concrete columns should have one-fourth 
much steel the top the end support and one-half much the 
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interior support the bottom the beam mid-span. The principle 
previously developed that the total area steel any beam equivalent 


that required the equation, applies this case. Assuming 


the exterior support, that: 


4.—End-span beams framing into brick walls into concrete lintel beams 
should considered freely simply supported the wall end. These 


the interior support, whence, before, 


5.—Interior-span beams should have steel the top the 
supports equal one-half that the bottom the beam mid-span. These 


the supports. 


6.—End-span slabs should have the same area steel over the interior 
support the bottom mid-span. common practice bend 
alternate slab bars, the area the top the exterior support would 
one-half the area the steel the bottom The end-span slabs 


support, and the exterior support. Then, recommended: 


the end span built least in. into solid brick wall built 
with fair-sized lintel beam, the exterior support will develop top 


steel equivalent unless the slab span unusually large. 
the exterior bearing considered simple support, the end-slab span should 


support. Again, 
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This last case departs from strictly monolithic construction, and careful 
analysis will show that the moment constants given will deficient about 
per cent. This will not affect the design materially, but, accurate results 
are desired, the end slab span with simple exterior support should de- 


Beams partly fixed one support depart somewhat from the con- 
dition full continuity, and, therefore, may not yield the application 


the principle without small errors, Take, for example, end-span 
1 ’ 


line which drawn parabola, representing the bending moment 
produced simple span beam load, per foot span, giving maxi- 


mum moment, the line, S,, such position that 


between the points contraflexure, Then, 0.756 and the 


reactions from the load, are 0.378 Let the distance 


iple 
be 4 
Fie. 
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Similarly, assuming that the bending moment the exterior support 


showing error about one-half per cent. 


dimensions Fig. are deduced. this case check the 
between the points contraflexure less than one-third 
per cent. 


Beams with one fixed end and supported end depart radically 
from true monolithic construction error may expected 


(simply supported) the exterior support, similar line 
reasoning the previous examples, the distance, found equal 
0.1 Then the distance from the free support, B,, equal 0.9 
instead 0.894 error slightly more than per cent. 

manner for the beam, (Fig. 3), which the moments are 


and computations show error slightly more than 3%, 


not enough affect the design accurate results are desired, 


however, this end span should designed for 


Spans 


The principle useful designing adjacent spans unequal 


lengths. With two spans, freely supported 


t] 
| 


interior support. Compute the area steel required the longer span for 


1 ; 
and deduct from this one-half the area that the shorter span beam 


end spans ‘supported the supports, make the beam ‘section 


and carry the steel the entire length the middle span. condi- 
tions there are two short end jspans with interior 
span, the usual way determine the area steel 


interior span ‘for Deduct from this the area 


top steel that the adjacent span will develop the supports give 
the area steel in, the center the span. The area checked 
from the relation area steel the bottom mid-span plus the 
the areas the the supports must equal the area 


The designer. has range the size and shape struc- 
tural concrete,members. There should some definite principles stand- 
ards assist. him the selection the proper size and form, instead the 
“random guess” method generally used. 

The effective depths concrete beam should definite ratio 
span length. Then, for given per linear foot span, the span ‘length 
doubled, the reaction the support will doubled, and the width 
the beam constant, the net ‘area beam the support 
doubled, and, consequently, the unit the support will remain con- 
stant for all ‘span lengths. 


length.of span, feet. 
width the stem, 


the 
hird 
ally 
are 
red, 


The net area the beam section, and the maximum unit 


Notice that the factor, cancels out the general equation, showing that 

the unit shear the support all span lengths for given load, 

provided and remain the same. This principle makes possible 


draw simple shear diagrams which will show for any ratio, the 


width beam necessary keep the unit shear the support 

maximum specified. This diagram (Fig. also will show glance the 


” 


Length Beams 


= 
Shear Pounds 


Width Beams 


Width Beams 


Width 


” 


” 


Width Beams 


Width Beams 


Fic. 4.—SHEARS CORRESPONDING DIFFERENT LENGTHS AND WIDTHS BEAMS FOR 
VARIOUS VALUES OF RATIO OF LENGTH, 1, IN FEET, TO EFFECTIVE DEPTH, da, 
correct size beam for any given load, and the unit shear produced 
the support that load for any span length. This principle would have 
ideal application the system measurements. gives satis- 
factory results with American units—feet and inches. The following ratios 
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for are recommended: 14, 14, 14, 12, and in. per ft. span. 
These will give ranges depth from one-sixteenth (for in. per ft.), one- 
sixth the span (for in. per ft. span) nine different. depths beam 
for any load and span length. Fig. shows this shear diagram for maximum 
unit shear the concrete the support 120 per sq. in. 

For example, concrete beam designed with clear span ft., 
carrying total load per lin. ft. Referring Fig. for 


that beam in. wide and in. deep required carry this load, and 
that the shear the support would about 117 per were 
taken in. per ft. span, the beam would in. wide and in. deep 
and the shear the support would 114 per sq. in. 


SHEAR REINFORCEMENT 


The determination the size, number, and spacing stirrups prop- 
erly care for the shearing stresses concrete beams and girders one 
the most tedious and time-consuming problems which the designer has 
solve, and one for which practical rational method presented any 
the technical literature reinforced concrete designing. One textbook, 
published states: “It usually satisfactory select certain size 
stirrup and calculate the spacing different points along the beam.” This 
involves pure guess the number and spacing the stirrups. Guess- 
work should not countenanced the field design. 

this discussion the following standard symbols will used: 

spacing stirrups, inches. 

total number stirrups per beam. 

area the vertical members stirrup, square inches. 

total area vertical shear steel, square inches 

stress stirrups, pounds per square inch. 

ratio lever arm resisting couple the effective 
the beam average. 

effective depth beam, inches. 

width stem T-beam, inches. 

total shear Section pounds per square inch. 

unit shear Section carried stirrups, pounds per 
square inch. 

allowable unit shear plain concrete per sq. in, 

total shear carried plain concrete 

clear span beam, inches. 

distance, inches, from support the point where the total 

‘In Fig. the triangle, represents the shear diagram for one-half 
beam carrying uniformly distributed load. The area, represents 
the shear carried plain concrete and the area, the shear carried 
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carried for one end the beam. 
From similar 


From Equation 


cA 


CESS 


Equation may take the form, 

represents the area the shear diagram carried one stirrup; but 
carried one Consequently, the number stirrups 
required per beam is, 


but, 


therefore, 

Note that from Equation and that, for any 
given value the number stirrups required,is independent the depth 
the The depth the beam influences the number, however, 


Mi Pans { H Ik 
ype. sh ” i i i 
Beam 
The equation generally used for determining the spacing stirrups is, 


shear 


any 
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formed give total area stirrups 


from which may found. 

illustrate the application these equations, beam with 
clear span ft., in. wide, in. carrying ‘uniform 
load per lin. ft. The reaction support 30000 the 
shear per square inch Section the support Ib. Now, applying 
Equation (2): 


Equation (5), and assuming round 


Or, applying Equation (6), 


sixteen round stirrups 
‘ 


Except rare cases, the bent bars| should not considered 
shear reinforcement, They vary much size, their position the 
beam with respect the support, and the angle: the bent portion. 
the plain concrete can carry, say, Ib. per sq. in. the support, can 
Ib. throughout the entire length the beam. The assumption that 
the concrete may carry one-third the shearing stresses any point the 
beam supported logical basis. plain usually con- 
are care for the additiona sheating They should 
stirrup should care its proportional area ‘of the shear diagram. 

The area, (Fig. 6), represents the shear carried the stirrups 
one end the beam Fig. Theoretically, using sixteen round 
stirrups the beam, eight each end, this triangle, should 
divided into eight equal areas and stirrup placed center gravity 
each odd numbered line will practically coincide with the eight 
vertical support the beam bars, there should an. extra space adjacent 

This spacing may accomplished following 
From plane geometry the areas similar right are proportional 
the squares the sides, and, the sides similar right 


is, 
but 
hear 
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triangles are proportional the roots the areas. There- 
fore, referring Fig. 


the same manner: 


All such giving the spacings shown Fig. may 
plished single setting the slide-rule. 
the slide-rule read the nearest inch, stirrup will more 
in. from its theoretical position, and this will much more accurate than 
the actual location. 


should noted that all cases fixed beams, the part the beam 
from the support the point contraflexure acts beam and, 
consequently, its stirrups should inverted. spans with one end freely 
supported and the other end fixed, the reactions are, respectively, 0.55 and 
0.45 The unit shears are determined the usual the stirrups 
free end are the same those for simple span the length which 
0.9 and the stirrups the interior, support are the same those 
interior span the length which 1.1 

hoped that the foregoing ideas arranging longitudinal and shear 
reinforcement will clarify this general question least stimulate thought 
and expression opinion from which some advance will result. this one 
point view provokes discussion tending rationalize the design con- 
crete beams and will have served useful purpose. The moment 
coefficients and design represent ideas reinforcement that have 
extremely serviceable the writer, hopes that other engineers 
will contribute from their own funds of. thought and thus swell the store 
useful information the end that concrete design may assume more rational 
and, the same time, more economical and practical aspect. 
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SNOW REMOVAL PROBLEMS 
ORGANIZATION AND OPERATION* 


The operation snow removal, like construction maintenance, must 
approached from the viewpoint organization personnel well from 
that equipment, and this personnel the greatest attention must given. 
only reason thoroughly competent, efficient, and loyal organiza- 
tion that satisfactory results can produced the limited time allowed for 
the opening operation the main and connecting road systems under the 
charge State Highway Department travel continued with the 
minimum 

Through its very nature, long hours, extreme and per- 
sonal discomfort enter largely into the only the desire the 
organization its function and its “not-to-be- beaten- atti- 
tude that cause the men ‘carry on” through day and night, through 
storm and.zero weather, continuously necessary, until the sections under 
their charge are free for travel. 

The experience several years the development snow removal 
organization Connecticut has been, the general recommendations 
for this maintenance problem. 

planning snow removal campaign, must considered that owing 
the general lack surplus maintenance funds, only average conditions can 
considered and planned for. The purchase equipment alone represents 
the expenditure many thousands dollars and the average locality, such 
also must suitable for types work other than snow removal. 
Thus the highest type snow-fighting equipment cannot always 
ically furnished. 

The personnel must largely the same that employed yearly main- 
tenance with the addition units required operate efficiently under the 
extreme conditions which may occur. Each foreman should touch with 
additional men who, the case urgent, need, will used reinforce the 
regular patrol force replace when continuous operation becomes necessary. 

the regular organization, however, must delegated the brunt the 
are the men who are familiar with both summer and winter 
conditions their districts. landmark along the road known them 
almost were their own dooryard. tendency for drifts form 


under certain wind conditions and measures are taken 


discussion this with the November, 1926, 


‘Proceedings. closed, the paper, with discussion full, will published 
actions. 


Trans 
Presented the meeting the Highway Division, Salt Lake City,, Utah, July 1925. 
Supt. Repairs, Connecticut State Highway Dept., Hartford, Conn. 
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counteract this. Each foreman certain the ability his crew operate 
more quickly and efficiently than the crew the adjoining section and this 
charge winter well summer—“The next mever beaten 
yet! Come on, boys!” Where this feeling exists the larger part the per- 
sonnel problem has been solved. 

The regular maintenance organization for carrying snow removal will 
include: 


Maintenance Engineer and Assistants Headquarters; 

2.—A District Maintenance charge Dis- 

and laborers each Patrol 


The Maintenance full charge the program. 
Duting the progress clearing necessarily confined wholly his 
office order reports and give incident the 
changing conditions the severity storm any 
him each District Maintenance Engineer reports regularly 
during the giving the location and condition equipment, the progress 
snow removal, recommendations transfer additional’ equipment. 

the information graphically the map, accurate 
progress 
the District Engineer, including the depth snow and the location drifts. 
Ordinarily, two operations plow will clear the roadway sufficient 
permit the passing traffic. the map, single ‘line denotes that 
single lane has been opened. After the next passage the plow addi- 
tional added the opening the road two-way traffic. 
roads are opened before removing any snow from the 
shoulders order open waterways and provide room for 

The Assistant Maintenance Engineers function directly under Mainte- 
They inspect equipment and the progress the work 
and keep frequent touch telephone with the main Each these 
men ‘has State-wide knowledge conditions and fully capable taking 
_complete charge emergency, thus relieving and supplementing the District 
Maintenance Engineer snow-congested district, 

The report telephone frequently possible the District 
Engineer. ‘This necessary, not ‘only have available for the 
traveling but ‘the any particular organization 
unit, under necessity, point where conditions immediate attention. 

the main office also’ the locations each the snow 
removal units, these being represented buttons inscribed with. the type 
character such When particularly adverse conditions are reported 
from district, snow unit goes out commission, which 
sometimes will when many such units are operation, examina- 
tion the chart combination with the progress chart deter- 
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ming the method. transfer,, Orders the District, Engineer 
per- the shortest time. 
climatic conditions. Southern the, maintenance trucks) are 
utilized for most the snow removal. Each truck tons capacity more 
fitted with push plow with blade, charge the regular 
foreman, and assigned the section which ordinarily patroled and 
Dis- maintained. 
The trucks usually when the snow has reached the depth 
in. and are used continuously until the roads are cleared, sometimes 
Tam. for period The line roads have first place the 
his program, being followed the State Aid secondary roads. 
the Each truck carries from two six laborers, depending the severity 
ality. the storm, and the necessity, for some particular location. 
larly hilly sections, where more snow anticipated, tractors fitted with 
plows are utilized in, addition the truck equipment. These tractors must 
nent designed for mobile use that they transferred the loeation 
the greatest depth snow during any particular 
Plow equipment should properly, located for convenience operation, 
orted that time need Jost necessity distance Average 
rifts conditions will into this 
cient with kept open the greatest assets 
that During blinding snowstorm, with the temperature near 
addi- the zero mark, may difficult locate, the highway. The foreman 
charge, this district throughout the year will often recognize 
the topographical features and thus enabled minimize delays. 
for desirable each District Engineer one more addi- 
work two trucks in. each, district replace equipment, 
king Connecticut, total 145 trucks are fitted with snow clear 
trict miles highway, miles per truck. This average, 
however, does not any the mileage any particular truck, 
which governed wholly the importance the road and the conditions 
the each locality. the heavily trayeled main thoroughfares between large 
ation cities truck may be, scheduled, for less, miles plowing, while the 
tion less important highways and connecting State Aid. roads, the may 
snow miles more, 
The work each truck scheduled with the and 
orted necessity traffic. some sections the main Boston-New York highway 
plows are worked batteries, this way mechanical trouble occurring 
nina- one truck does not necessarily tie any particular section this im- 


portant highway for considerable period. 
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Mobility equipment secondary only personnel. From telephone 
reports received from the foremen through the District Engineer, the Main- 
tenance Engineer, information rapidly developed case emergency, 
that equipment may and centered any particularly congested 
location. 

During the three seasons, 1922-25, the cost snow removal the State 
Connecticut has been given Table 


TABLE 


Total cost. Mileage cleared. 


During the winter 1924-25, while the average cost for the State was 
$39.75 per mile, analysis cost $15.42 per mile district located 
the southeastern part the State adjoining Long Island Sound, com- 
pared with $95.32 per mile the northwestern section which the lower 
Berkshire Hills furnish more severe weather conditions. 

For several years Connecticut has erected snow fences exposed locations 
where drifting conditions can expected. Usually these justify their cost 
and hence the mileage has been increased each year. The location should 
chosen accordance with prevailing wind direction, otherwise snow 
may banked the highway contrary wind and travel blocked this 
point. the removal brush along the sides highway, frequently the 
tendency for drift forming can eliminafed. Experiments will often deter- 
mine the solution minimum expense. 

Each Maintenance Engineer suffering with the complaint all main- 
tenance engineers—lack equipment beyond ordinary requirements. 
severe snowstorm with accompanying high wind will develop this com- 
plaint almost the moment into acute attack requiring immediate opera- 
tion. This the danger point. The crisis always passes rapidly. There may 
remain local difficulties taken care of, but during the height the 
attack these may forgotten. solution will follow natural course 
when traffic rolling with the least inconvenience over the length im- 
proved highways the State. 

The investment such highways represents one the State’s greatest 
business assets. The inconvenience and expense connected with their non-use 
even for short period enormous. Snow removal must definite part 


each highway program the maximum value from the investment 
obtained. 
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FINISHING AND CURING CONCRETE. ROADS* 


Separate sections are devoted the finishing and the curing con- 
crete 

Finishing practice reviewed with description 
acceptable appliances. 

Data are given regarding tests for determining the relative efficiency 
finishing machines two well known types. 

The use the Vialog aid securing smooth 
pavement surface. 

Curing Concrete results recent investigations are set forth 
detail, including considerable research data not heretofore published. 

The investigations described indicate that the period watering may 
much reduced from present standard practice. The expense long con- 
tinued watering constitutes important item cost the construction 
concrete roads, and any substantial reduction the watering period there- 
fore would result appreciable saving. 

Experiments indicate that the average time during which the pavement 
kept closed traffic may reduced. This reduction the curing period 
would result lower cost for maintaining detours and even greater 
advantage the motoring public through the reduced cost the operation 
vehicles over rough and sometimes lengthy 


GENERAL 


1925, the United States Bureau Public Roads fixed the total mileage 
pavements the United States approximately and each 
year many miles are being added this total. 

During the period development this type construction, highway 
engineers have been fully alive their responsibility the expenditure 
the huge sums public funds for this work, and many separate agencies 
comprising the engineering bureaus Governmental departments, State 
highway organizations, municipal engineers, colleges, and universities, various 
technical societies, the Portland Cement Association, and host private 
investigators, have been diligently studying the problems involved this 
popular type construction. 


discussion this paper will closed with the November, 1926, 


Proceedings. When finally closed, the paper, with discussion full, will published 
Transactions. 


Presented the meeting the Highway Division, Salt Lake City, Utah, July 1925. 
Materials and Research Engr., Highway Comm., Sacramento, Calif. 
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Many the problems design and construction have been solved and 
specification requirements are now quite well standardized, including the use 
edges and longitudinal joints ‘have been many the 
The time mixing has been fixed min. thirty-four States, the others 
requiring min. The grading aggregate has, not been standardized 
and perhaps will never be, owing widely differing characteristics mate- 
rials various sections. 

The finishing concrete pavements has been the subject intensive 
study all highway engineers, because roughness, easily discerned both 
engineers and the traveling public. News innovations finishing 
methods and equipment fast, and result finishing 
and appliances have become fairly well standardized. 


Hand-Finishing heavy hand template or. strike- board required 
nearly every State. The design this template usually specified, likewise 
ft. adequate and not too for manipulation. Such template 
should rigid construction and made that can elimi- 
nate sag and provide the desired crown, the pavement. 

straddle-float for finishing joints required thirty- States. 
The latest and most efficient type has ‘metal frame and renewable metal- 
protected boards the finishing face. Such float should ft. 
long and approximately in. wide with handle long enough permit ‘its 
operation from the side the 

Rollers are required many States. These in. diameter 
and ft. long, have been considered useful removing surplus water 
which collects the surface the concrete after tamping and floating. 
The California Highway Commission, decreasing the quantity mixing 
water the limit consistent with proper finishing, has largely eliminated this 
surplus water that the roller regarded essential. 

used the same manner belt has been found, jobs. 
finishing board in. wide equalling the width 
the pavement and provided with used States and 
that its movements can controlled more the belief 
that the finishing board used transversely tends preserve the; 
and that smoother surface, This same finishing 
board gives excellent results when longitudinally instead 
versely, the operators working 
equipment usually known the float” some cases 
upper surface. 
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valuable instrument for checking The handle should light and 


sufficient length enable the user test entire joint from one side 
the pavement: Such straight-edges, made from aluminum, are now available. 
They have the merit lightness and freedom from warping. The State 


Washington used such straight-edge with short section projecting “fin” 
knife-edge. Whenever the straight-edge placed the fresh concrete, 
the “fin” leaves slight but the pavement and thus 
creates permanent record its use. Inspectors are instructed test each 
joint carefully, and the presence these marks the pavement furnishes 
indisputable their compliance with instructions. 
factory finish the result the use proper appliances skilled men, and 
specifications should clearly describe both methods and equipment. 
uniform consistency necessary for first-class 
work. Coarse sand and dryer consistencies concrete somewhat increase the 
finishing difficulties but complaints from the finishers should not justifica- 
tion for the use fine sand sloppy concrete. vast amount research 


mate- 


both 


red 


kewise 


work has shown that fine sand wet mix results inferior strengths and 
wearing qualities pavement. The California Highway Commission has 
adopted the cone slump test for controlling consistency and specifies 


coarse sand. maximum slump in. for machine finishing has been found 
practicable. These requirements have not resulted added cost and they 
with satisfactorily smooth surface evidenced Vialog readings. 

Machine Finishing—Some the foregoing discussion equipment and 
methods applies equally well machine finishing. Nine States now require 
machine finishing; eleven optional with the contractor. One State 
reported prohibiting machine finishing and number States regulate 
the use special provisions. mountainous regions some difficulty expe- 
rienced the use mechanical finishing equipment due the frequent 
necessity for widening pavements, curves and the use flat cross-section 
curves. Frequent expansion joints somewhat hamper the 
operation mechanical finishers, but sections having long tangents me- 
chanical finishers are efficient and 

California the question has been raised the relative efficiency 
the so-called “tamping machines” compared with “finishing” “screed” 


States. 
metal- 
ft. 
mit ‘its 


ameter 
water 
mixing 


this 


jobs. 


machines not provided with tamping strike-board. The latter type depends 
the transverse movement the finishing board and the compacting action 
the surplus material carried ahead the blade that serves strike- 
board. The California Highway Commission made somewhat study 
ascertain, possible, the relative efficiency these two types equip- 
the ment and hand-finishing. 

Sections selected paving project near Sacramento were finished with 
the type”, with the machines, hand, and section 

the tamper and finisher used succession. 

Cores were drilled from these sections and the voids the samples deter- 
mined. cores were then tested for compressive strength 


Vialog readings were taken determine the relative roughness the various 
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sections. The average weight per cubic foot the concrete was compared 
the weight concrete cylinders, made according the standard 
requirements the American Society for Testing Materials the time the 
was being laid. Table results. 


DIFFERENT 


Method finishing. 


ratio: cores 


Btrength 
test cylinders, percentage. 


linder from same station, 
record, 
inches per mile. 


strength cores, 
Compressive strength, 


ing cylinder 100%. 
Average compressive 
pounds per square 


Weight, 12-in. cylin- 
pounds per cubic foot. 


der from same station, 


pounds per square foot. 


Relative density, assum- 


Weight per 


Tamping machine 
tamped and finished. 
machine and fin- 
machine 
Finishing 


these tests the tamping type machine had slight advantage the 
density and smoothness and the machine had 
trifling advantage strength ratio. The showing was considered some- 
what favoring the tamping type but the results did not justify the exclusion 
the non-tamping type finisher. 

California Highway Commission means for determining the relative 
smoothnesses various sections pavement. This instrument attached 
automobile determine the degree roughness the road record- 
the vertical motion the automobile body with front 
axle. The utmost care necessary the results have any real signifi- 
The condition and inflation tires, must uniform at, all times. 
Standardization tests must made frequent intervals skill and uni- 
formity the operation are essential. 

The Vialog, however, provides the only means available for measuring 
irregularities over long stretches and spite. its 
defects its use has been found well worth 

Vialog readings taken frequent intervals during stimulate 
the field forces their efforts secure smooth pavement, check 
also possible the relative efficiency various finishing methods and 
equipment. During the, 1924 season, the Vialog readings indi- 
cated surface roughnesses concrete pavements varying 30.5 in. 
per mile, Vialog readings taken during the 1925 construction 
stantial decrease roughness, instance low in: per mile, 
with the Vialog operated the standard speed miles per 
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the 


Present Practice has been pointed out the practice with reference 
the finishing concrete has been more lesg standardized throughout the 
United States; but the same cannot said curing. 

All the State Highway Departments covering with canvas 
burlap immediately after placing and subsequent sprinkling, prevent hair- 
until the pavement ready for covering with earth for ponding. 
many States, covering with wet earth and ponding are considered 
optional with the contractor, but some the States either one 


the other specified. Calcium chloride curing now 
The wide variations curing practice are the length time which 
the pavement kept wet, the number days during which must 
and the number days which must elapse before opened 
The time watering varies from days and the time 
Long-continued watering concrete involves important item the 
cost Keeping the pavement closed traffic during the cur- 
ing period involves the expense maintenance detours and quite often 
inconvenience and increased operating expense automobile owners. will 
agreed that the watering and curing periods should 
minimum consistent with safe practice. 
Recent Curing 1920, several elaborate studies have been 
made for the purpose determining the relative efficiency various methods 
curing. The State Highway Department Illinois experimented quite 
the extensively with the use calcium chloride and other deliquescent salts, and 
lative detailed report covering their investigations was presented 
ached Am. E., and Mr. Fred Burggraf* 1923. 
the Structural Materials Research Laboratory Lewis Institute, 
front Chicago, conducted series curing tests. The Oalifornia Highway 
Commission, co-operation with this Laboratory, likewise conducted 
times. extensive series tests Sacramento, 1924.+ 
The California Highway Commission, 1924, conducted independent 
series field investigations for the the relative efficiency 
wet earth curing and calcium chloride With the results the 
its previous tests hand and with the desire definitely justifying certain 
conclusions previously reached, the California Highway Commis- 
sion during 1925 conducted additional series experiments. 
the data from all these experiments will referred the following 
and the curing methods, seems desirable include brief 
tion the scope each these studies. 
in. Proceedings, Am. Soc. for Testing Materials, Vol. 23, Pt., 1923. 
sub- results this series have been covered report published Bulletin No. 15, 


the Structural Materials Research Laboratory, Lewis Inst., Chicago, 


“The Curing Concrete with Calcium Chloride,” McKesson, Soc. 
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The Illinois series included tests more than 500 concrete slabs, 
in., subjected various methods curing. The co-operative series 
conducted the California Highway Commission and the Structural Mate- 
rials Research Laboratory included flexural strength tests more than 500 
beams, in., cured with earth covering watered for varying 
periods, curing paper, and with calcium chloride. This co-operative 
investigation will, hereinafter, referred the Sacramento Tests. The 
field series 1925, the California Highway Commission, include 
105 cores drilled from pavement cured covering with earth and watering 
10, 12, and days and tested 14, 21, and days. Sixty-four 
specimens consisting cylinders, in., were also made from 
the same concrete connection with this series and cured laboratory 
water for days. 

Water Curing.—To analyze and correlate the results the various investi- 
gations, some consideration should first given the objective 
attained. This objective consists the provision sufficient water carry 
hydration during stated curing period. well known that hydration 
rapid the earlier stages curing and that proceeds more slowly after 
the first few weeks. has shown Hatt,* Am. Soe. 
and others, that the concrete free moisture results 
reduction strength. would seem reasonable assume that the most 
efficient method curing would that which would provide sufficient water 
for hydration during given curing period without surplus remaining 
free moisture the time testing. 

the research investigations which the California Highway 
sion has been interested, special attention has been given the moisture 
content the concrete various stages curing, and believed that the 
assumption just stated has been verified principle. the assumption 
correct that the quantity water necessary for hydration varies with the 
length the curing period, and that the presence the time 
excess water the concrete results lowered strengths, must follow 
that the period watering should vary with the length the curing period. 
All the tests herein discussed indicate that this true. 

The length the curing period the time necessary concrete 
develop sufficient strength permit its safe use for the purpose for which 
was constructed. the design concrete for structures, the ultimate 
compressive strength frequently assumed 200 per sq. in. 
pavement, stresses and loadings are much more uncertain, but concrete 
having compressive strength 2000 3000 per sq. in. usually con- 
sidered safe for use. The necessary curing period for concrete pavements 
structures is, therefore, period time which, with suitable curing, 
will enable develop these strengths. 

Concrete made from satisfactory materials continues develop strength for 
years after the termination the curing period. This increasing strength 
adds the factor safety. not necessary, and may not possible, 


“Effect Moisture Concrete,” Am. Soc. E., May, 1925, Papers and 
Discussions, 757. 
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moisture, will resume. when water applied even after long lapse 
and that, thereafter the concrete.will increase strength more 
mally. Concrete roads will subjected occasional rainfall after, the 
curing, period ends and moisture hydration will thus become 
available from time time. the concrete roads, therefore, the 
engineer most concerned supplying the water necessary develop the 
required strength the earliest, possible time. 


Pounds per square 
a 


Modulus Rupture 


washed oft ter 


Moisture Content 


twice days 
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AND MOISTURE 


Strength Ratios 
Fie. 


Quantity Water for the Sacramento Tests, concrete 
mal consistency contained mixing water amounting about 
weight the cement, sand, and gravel. was found that the 


Gonnerman, Proceedings, Am. Concrete Inst., 1918. 
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original mixing water, conserved, was carry 
90-day curing period. The relative strengths obtained the more 
methods curing are shown Fig. which also shows the 
change moisture content the measured terms original 
mixing ‘water. will seen that concrete which had watering lost 
about moisture while concrete watered only three days, lost only 
71% the original mixing indicates that during 
quent strengths. 

including the size and surface area the specimen, the temperature and 
humidity the air, and the condition the sub-grade. the Sacramento 
Tests, specimens were cured water-proof paper prevent the escape 
water the sub-grade, and careful record was made the humidity and 
temperature. The temperature was high and the humidity low during these 
tests—conditions that were doubtless more favorable rapid drying than 


LOSS MOISTURE CONCRETE 
EXPOSED IMMEDIATELY AFTER 
MIXING WITHOUT COVERING 
TREATMENT, DETERMINED UN- 
DER DIVERSE CLIMATIC CONDITIONS 
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The results the tests herein described are applicable pave- 
ments other concrete resting sub-grade and exposed one surface 
only. They would also probably apply concrete walls abutments, but 
concrete thin members structures has much larger relative surface 
area and probably more rapid evaporation. 

connection with the curing tests concrete beams, study was made 
the loss water concrete placed pans and exposed sunshine. 
similar, test was included the series. The results both 
shown Fig. 

both tests, the moisture was rapid during the three 
exposure. After that, was much less. would loss 
was greater Sacramento than 
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Fig. moisture changes the conerete during the 90-day curing 
period are expressed percentages ‘original (mixing) water 
increase moisture over the quantity used mixing (see Item This 
method provided free moisture not necessary for hydration 
appreciably the strength. These tests indicate that days there 
relation ‘between moisture content and flexural strength 
concrete. comparison the upper and lower curves Fig. indicates 
that substantial increase decrease water content (based mixing 
water) reflected decrease strength. 

Temperature has long been known that the 
early hardening cement retarded low temperatures and accelerated 
high Variations during the curing period simi- 
larly affects concrete. 

considering relative various curing methods where 
early strengths are required reasonable, other conditions being equal, 
that preference should given method which would provide the highest 
temperature the concrete during curing period. Ponding covering 
with earth, wet twice daily, results considerably lower temperature the 
concrete than exposure under dry without any covering. 

short watering period permits the earlier drying the covering and 
increased temperature thereafter. reasonable that its 
influence producing relatively high strengths concrete cured with 
watering, described the following test results. 

All the California curing tests were conducted summer not 
applied without winter conditions. quite possible that 
the time opening might based the mean temperature the cur- 
ing 

field tests by, the California Highway Commission was made paye- 
ment- -widening project fourteen miles Sacramento, strip, 
ment was ft. wide and in. thick. mixed central 
mixing plant and hauled the work side-dump, trucks. All the mixing, 
placing, and finishing were conducted the usual Seyen sec- 
tions, each run from 500 1500 were desig- 
nated for the test and each section different curing 
the sections were with burlap immediately after and with earth 
Section days; Section 4,8 days; Section Section 
and Section 7,0 days. all cases the earth covering was removed days. 
the time the placing, concrete, in, pairs, were 
taken five stations each section.. specimens, each 
section, were in, water the for and broken 

One core was drilled the five stations each section for 14, 
91, and 28-day tests. age and condition was thus represented the 
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test five cores. Some honeycombed otherwise defective 
obtained, but these were rejected and drilling was full set 
apparently perfect cores was secured. 


TABLE (1925) ror Compressive 


12-Inch Moulded Oylinders and Drilled Cores. 


$ 


Days. Days, 


Watering period, 
days. 
cylinder, 
+Cores, 
pounds per 
square inch. 
ratio. 
Cores, 
pounds per 
Strength 
ratio. 
pounds per 
square inch. 
{Strength 
ratio, 


CO 


12-in. cylinders made accordance with standards, and cured 
water for days. Each strength average ten specimens, except Section which 
only four specimens were made. 

drilled with Calyx shot drill. The tested were tree from visible defects. 
Each strength average five cores, 


Strength ratios are ratios core strengths strength cylinders from the 
same section. 


Table gives the results the tests these cores and Fig. indicates 
the relative efficiency various periods watering. Curing without water 
gave high strength ratios the early tests showing mixing water, con- 
served some extent covering dry loose earth, provided nearly enough 
water insure proper hydration through the early curing periods. drill- 
ing, was found that the surface the concrete cured this method was 
noticeably softer than that from sections which had received water treatment. 
This also verifies the observations* Abrams, Am. E., 
and the results the Sacramento Curing Tests which was found that 
concrete which received water had only about three-fourths the surface 
hardness similar concrete cured water even for days. 

Watering for three days gave the highest strength the 14-day 
This verifies some the Illinois Tests and almost exactly checks the Sacra- 
mento Test 1924. quite apparent that day watering provides all the 
moisture necessary carry hydration 14-day, even 21-day 
curing period. the same time, permits higher temperature the 
concrete early period the curing and thus accelerates early 


Laboratory, Lewis Inst., Chicago, 


Number: 
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does not provide any free moisture reduce the strength the time 
the test. 

Watering for seven and eight days gave satisfactory strengths all ages. 
The strengths and strength ratios for these two treatments were about the 
same except for the 14-day tests. this average, one the five cores broke 
unaccountably low stress, thus reducing the average somewhat. 

Watering for ten and twelve days gave about the same strengths the 
shorter watering periods in. 14-day. tests, but. showed large gain the 
and 28-day tests. 


120 


14 Day Watering Assumed 100¢ Eff 
ach Value Based on Five Cores tron 


Comparative Strength 


Watering Period Days 


Tests, 1925, RELATIVE STRENGTH 
FOR VARIOUS PERIODS WATERING. 


Watering for fourteen days, accepted the standard Cali- 
fornia, fell behind other periods watering strength almost every 
instance. little than curing without water, but 
was decidedly superior surface hardness. 


Fig. shows comparison results this test with those obtained 


the Sacramento Tests 1924. also shows the results obtained Series 
the Illinois Tests. 

Fig. shows the variation the temperature the 
period the field tests (1925). 

will seen that the curing period included some very. hot dry weather. 
There was rainfall after the expiration the watering and 
in. during the entire period the test. 
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Test (1924) 


California Highway 
Commission Field 
Tests (1924-1925) 


Percentage Relative Strength 


Fig. the results the field tests (1925) are shown comparison 
with the results obtained in-the Sacramento Series (1924). will seen 
that the 1925 tests strongly corroborate the earlier tests. They show that 
about 90% the 21-day strength obtained days. .It worthy 
note this connection that only the 105 test cores fell below 
strength and all the group averages are above this 
concrete may considered safe for use, 14-day curing period and days 
more watering could safely counted give the desired strength 
with first-class concrete. 


Temperature 
Degrees Fahr. 


Calcium Chloride study the foregoing results the 
edge that mixing water, conserved, even 
through 90-day period, throws some light the thé curing 
concrete the application calcium Calcium chloride 
readily when the atmosphere has high relative low humidities, 
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3 Sacramento Curing Tests 
Strength 


Compressive Stren 


Age Test 


probably lower, yields part the water thus accumulated. Under 

favorable conditions acts more less reservoir and perhaps sup- 

plies some water the concrete beneath. Under conditions low relative 

humidity, equally removing water from the con- 
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1924, number field tests were made the California Highway 
Commission determine the relative efficiency 14-day water curing and 
curing the application lb. flake calcium chloride per sq. yd. 
The results these tests appear Table including cores drilled recently 
age approximately one year. these tests, chloride was 
found 98% efficient earlier ages. one year, there little 
difference the strengths cores cured with water with calcium 
During the winter months there was about in. rainfall and 
this supplied moisture for continued hydration. 

view the fact that 3-day water curing effective even under most 
adverse conditions, does not seem that recourse calcium chloride would 
justified except under unusual circumstances, such desert 
and under such conditions, the tests not indicate high for the 
calcium chloride. 


These test data seem justify the following conclusions: 
days watering ample insure proper hydration con- 
2.—That this watering period might reduced days the concrete 
first-class quality, thereby effecting substantial saving. 
3.—That, during summer weather, pavement constructed first-class con- 
crete may safely opened traffic days. (During cold weather, the 
hardening concrete retarded and the time opening should depend 
the actual conditions each ease.) 
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RELATION DEPTH CURVATURE CHANNELS 


developed and present Equations (4), (5), (6), and for the determina- 
tion the form transverse profile beds riyers different widths, 
depths, and radii curvature. Before discussing these equations the 
author’s conclusions, appears necessary draw attention the fact that 
water flowing channel not different from other material that fol- 
lows the fundamental laws mechanics and motion. moves 
straight line given linear velocity possesses kinetic energy which, 
disturbed, may converted into kinetic energy another direction, into 
pressure, into both, the water constrained move circular path 
the same linear tangential velocity possesses the same kinetic energy 
the tangential direction and, addition, exerts pressure radially out- 
ward due its centrifugal force, which nothing more than the radial com- 


Although the stream, whole, constrained follow curved chan- 
nel, like railroad train running around curve, the individual particles 
water not follow this simple curved path, the author points out. Years 
ago French engineer, using filaments colored liquid, found that 
channel bends the particles water the surface passed the concave 
side, descended down the bank, crossed over the bottom, and arose the 
surface again the convex side the stream, thus, when taken conjunc- 
tion with their longitudinal motion, following helicoidal path. The speaker, 
more than thirty-five years ago, suspected and experimentally showed this 
helicoidal motion exist number curves the Cumberland River, 
Tennessee; used small blocks wood, loaded the same density 


This outward flow water particles their helicoidal 
causes them accumulate reach the outer concave bank and 
thus raise the surface the stream higher elevation than the inner 
bank. other words, the stream surface has transverse slope rising from 
the inner the outer difference elevation the water surface 


1926, Proceedings. 
Cons. Engr., New York, 
Proceedings, Am. Soc. December, 1925, Papers ard Discussions, 1909. 


the two banks given quantitatively the formula, the author’s 
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Equation (1).* will noted that this transverse slope varies directly 
the square the longitudinal velocity the stream, relation which later 
will seen significant. 

this centrifugal force, and this helicoidal movement the water 
which enable stream flowing curved channel, through either 
alluvial least erodable material forming its banks, erode its outer 
bank, increase its channel depth near its outer concave bank, 
transfer the eroded material the opposite inner convex bank, and thus 
whole change its channel location. force varies directly 
the square the linear velocity ‘and inversely the radius curvature 
the stream. 

With the water particles moving such helicoidal paths, easy see 
just how the mechanical agencies operate produce the forms channel 
cross-section which are found exist under such conditions: particle 
erodable bank material, whether humus, silt, sand, gravel, cobble, the 
outer concave bank the channel has two forces which tend erode 
from its bank setting and carry the bottom. These are (a) its natural 
and (b) the downward component friction and impact the 
successive water particles which flow past it. These two agencies concur 
loosen and carry particles down the bottom. the bottom the radially 
inward friction and impact the water particles are usually adequate with- 
out the assistance gravity (which now ineffective) transfer the eroded 
bank material radially (or more properly, diagonally) inward toward, partly 
up, the inner bank, and the velocity component the water particles 
the diagonally inward direction sufficient erode the bottom, without the 
assistance gravity, the channel will deepened near the concave outer 
bank. When the water particles, however, begin flow toward the surface, 
their erosive power, which now diagonally upward, finds itself opposition 
the downward force gravity, that after certain point reached not 
only are the water particles unable loosen the bank material, but they are 
generally unable even transport the loose eroded material far the ascend- 
ing path the inner bank, and consequence they deposit the material 
that bank, sometimes before the bank reached, forming bar extend- 
ing diagonally out into across the river. This causes the transverse slope 
that bank much flatter and more irregular than the slope the outer 
bank which sometimes nearly vertical and, consequence, unstable and 
subject slides. 

For stream, channel, the eroding and 
transferring power the water particles depends entirely their velocity 
their helicoidal paths. the stream slow, sluggish one, this velocity will 
slow and the eroding and transferring power will slight, matter what 
may be, and consequence the maximum depth the channel 

less than the velocity were greater. Also the location the deepest 
part the channel will not near the outer bank the velocity were 
greater. other words, not only the eroding power but also the form the 


| 
| 
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transverse profile clearly dependent on, and, therefore, function of, the 
linear velocity the flow. 

One would expect, therefore, find the author’s equations, pur- 
determine the shape cross-section, term indicate either the 
linear velocity the longitudinal slope the stream. examination, how- 
ever, Equations (4), (5), (6), and (7) will show that nowhere them does 
the linear velocity longitudinal slope the 
appear. 
This omission would seem fatal defect, since the ques- 
given predict the same depths and the same form transverse 
cross-section for the channel stream, whether had flowing velocity 
0.1 ft. per ft. per sec., which every engineer conversant, with river 
hydraulics knows not the case. This omission and defect 
why some the author’s calculated predicted curves transverse profile 
approach more closely the profiles actually observed, Figs. 
present strong proof the correctness the equations from which they were 
produced. 


Assoo. Soo. E.—Having little direct knowl- 
edge this subject, the speaker has been somewhat find mathe- 
determination matter which usually regarded indefinite and 
independent rules and formulas, The cross-sections the streams noted 
the paper seem serve reliable proof the dependability. the 
formula. The matters grade and velocity have already been mentioned. 
The speaker fails see just how they are included the formula. Likewise, 
the factor material through which the stream runs given con- 
sideration the mathematical prediction the shape channel. 
assumed that even solid rock the stream, given sufficient time, 
would wear its channel the calculated 

the other hand, what about the application the formula to. 
sandy, bedded the Western prairies? this case there are least 
two ‘conditions After flood has subsided the sand left 
which possibly agreement with the formula for some definite 
depth, water, probably for the greatest depth possible without any con- 
siderable erosion. 

During the violent floods which these streams are subject there 
entirely different condition, one which probably more obedient, any 
formula than the desires the engineer who trying cross the 
river with his camp wagons and wondering what type bridge and founda- 
tions. will required for his new railroad line. When, due flood condi- 
tions, the stream attains sufficient velocity, whips the sand its bed 
until the mixture water and sand flows several times deep the dry- 
weather channel. flood waters will add greatly the velocity, ero- 
sion, and depth the channel downward unknown distances, 
Am. Soc. E., December, 1925, and Discussions, PP. 1924-1925, 
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‘An example such floods the case the South Platte River Den- 
ver, Colo., which went “rampage,” tore out 
carried locomotive. After the waters had subsided the usual small 
trickle, the sandy bottom appeared precisely before, but ‘the locomotive 
was never seen again. had gone with the sand and had found ‘place 
down the bottom the deep flood channel where could wait 
next flood carried farther. Residents Denver vouch for the truth 
this story. 

These freak are well known men who have had sad experiences 
with them. They most certainly throw serious obstacles the com- 
plete and the The question naturally 
arisés: Can that the channel conforms the formula all 
stages from the water-and-sand, deep-flood, condition the shape observed 
dry 

The author congratulated the his delving into the 
realms. the supposedly unknown factors governing river erosion during 
floods. His paper certain benefit those the profession who are engaged 
the problems stream control, bridge construction, and dredging. 


analysis great practical importance the welfare humanity and the 
climax time-honored research the development commercial channels. 
solves the problem the requisite canalization secure and 
maintain ample channels least cost, without dredging for maintenance. 

‘Hitherto, reliance has been placed mainly dredging and jetties revet- 
ments regardless the reactions the directing banks, their relation the 
depths and erosion were not formulated, whereas the application the 
author’s equations, accurate and permanent results may obtained 
for securing and maintaining the requisite channels navigable waters 
reaction. 

the many variable properties water are considered, would seem 
impossible include them single algebraic equation applicable ever- 
changing conditions, Water times liquid, solid, gas, depending 
temperature, and violation physical laws, lighter when solid 
than fluid, and air moves with high velocities, causing drifts both rock 
and earth, thus creating alluvial plains and obstructing channels. Moreover, 
incompressible that when driven high winds extremely destruc- 
tive. These properties would seem render abortive any attempts reduce 
its energies formulas for their utilization; and yet the tests which the 
Ripley formulas have been applied under variable conditions indicate their 
great practical value aids navigation well the protection banks 

also apparent that the rivers were straight between parallel 
banks there would reaction and the channels would have 
the ever-varying volumes from floods and tributaries while the variable quan- 


Cons. Engr., Physical Hydrography, Cynwyd, Pa. 
Received the Secretary, March 
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tities into such artificial channels, junctions, would soon 
create bats and render the stream unnavigable without constant dredging. 

The efficiency the reaction principle automatic channels was 
jetties the Texas District. designed curved jetty for the Galveston 
entrance (which was not built) and, later, contracted for the reaction break- 
water Aransas Pass, which has opened and maintained that channel date, 
thus fully demonstrating its utility, shown Fig. Similar 
were made for the bars the Passes the Mississippi 1902 (not built), 
and for the Rio Grande Sul, Brazil, more conservative counsels 
prevailed with disastrous results and great expense (see (A), 

From the citations the paper and the results years experience 
great expense, evident relatively permanent deep-water channel 
could have been obtained two localities with less than one-half the cost 
and without dredging and there would advance the bars seaward, 
demonstrated the curved jetty Aransas Pass opened 1907 and use 
ever since, inlet which had been abandoned for many years. 

that where there prevailing littoral drift and large tidal 
basins practicable, the application these formulas, create per- 
manent navigable channels any reasonable depths less than one-half the 
cost for construction, and practically nothing for maintenance. The 
entitled the highest for this contribution 


Esq. (by letter) writer, after carefully studying the 
methods application the author’s formulas, has tried verify them 
applying them different rivers, considers they will have great value 
the regulation the rivers France, especially the estuaries. 

For some sections the Lower Seine into the estuary, and 
also various places Rio Grande Sul, there agreement 
between the real and calculated sections, the estuary the Seine, deep 
channel, follows the south shore, independent the great central channel 
the estuary, the Honfleur Channel. 

The shore has radius 000 and, without any except 
what Nature has done, gives maximum depth 11.25 high water 
neap tides, whereas that calculated from Equation )** gives maximum depth 
10.86 The cross-profile from the author’s formula follows 
almost everywhere the real one. For point km. away, with the same radius 
curvature and the same maximum depth, the calculation gives depth 
10,90 m., with cross-profile following the real one and remarkable manner. 

Proceedings, Am, Soe, E., December, 1925, Papers and Discussions, 

Loc. cit., 1930. 

Loc. cit., 1934. 


Received the Secretary, April 14, 1926. 
Proceedings, Am. Soc. December, 1925, Papers and Discussions, 1909. 
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The writer convinced that project for the improvement Seine 
which dike used prolong the natural curve radius down 
stream would remove the obstacles navigation from this would 
necessary study the placing another dike stream accordance with 
the that Mr. Ripley has established, create 
connecting the existing works. 

The cross-profiles (Fig. and Fig. calculated maps Grande 
Sul different dates, give also the most satisfactory results; one gives 
another close approximation the actual. 

not practicable secure permanent improvement the navigable 
river dredging. Rio Grande Sul, all the dredges accomplished 
absolutely nothing. How could otherwise when times the crest 
the bar, with velocities per sec., erosions several thousand 
meters per hour 

would interesting know how the cross-over bar sinuous 
parts rivers. would necessary confine the stream between 
two dikes for length least equal the width the river and return finally 
the single dike. 

straight reaches suffices narrow the spur jetties obtain 
the given depth Mr. Ripley’s Equation when 

The studies made Rio Grande Sul and the absence rules for deter- 
mining the curve jetties function the depth obtained, emphasize 
the importance the formulas which Mr. Ripley has determined, ‘and 
that they will render the greatest service engineers who engaged the 
improvement rivers. Mr. Ripley congratulated for his discovery. 


subject about which relatively little known. information may 
have been published various times readily accessible. 

very exact results can expected from formulas the kind treated 
the author, chiefly because they depend conditions which ‘scarcely 
duplicated any two rivers. shown the paper, they appear accord 
with flow conditions alluvial bottoms, but may greatly error when 
applied other sand and would probably inapplicable 
channels rock, for the Niagara and Ottawa 

any statement the percentage error the use 
the formulas can apply only the particular examples 
any way reflecting general measure .accuracy expected ‘in other 
untried cases. However, approximate solutions such problems are that 


Proceedings, Am. Soc. E., December, 1925, Papers and 

Cons. Engr., Detroit, Mich. 

Received the Secretary, 1926. 
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reasonably that. the formulas may, often useful 
purpose, especially where errors high 20% may 

The author presents formulas for two conditions flow. The first for- 
mula (Equations (4) and (5))* Mitchell’s formula, Equation devised 
for the Delaware River 1878, which the author substituted literal dimen- 
sions for the numerical values. then states that the formula has become 
general its application streams all sizes and characters channel. 
One would naturally expect that such formula necessitates various values 
for the numerical coefficient, 17.52, fit the variations the bottoms 
different rivers. Even this formula does give results according well with 
observed cross-sections several large for between 
alluvial bottoms the particular rivers considered. Other results obtained 
from the use formula may not agree with observed cross-sections and 
some decided modifications the numerical constant would be'required. 

second formula (Equation (6) Equation (7)),* the author’s modi- 
fication Mitchell’s Equation (3) made applicable curved channels occupy- 
ing only part channels may result high-water 
stages when the stream spreads out beyond its normal banks sometimes 
great distances. Under such conditions contracted channel becomes the 
only important subject considered. The author then employs the expe- 
dient depressing the water some lower level approaching the normal 
width the stream, and deals with reduced area average depth, D,, and 
depth center, 1.65 D,. new numerical constant, 26. 26, now intro- 
duced fit this partial flow area. 

Here, again; expected that the two numerical factors, and 
26.28, may require considerable modifications depending the amount 
which the water level the abnormal high level. The same 
would apply when the bottom material differs from that cited the paper. 

Another expedient might have been employed, restricting the excessive 
width approximately normal cross-section between elevated banks, retain- 
ing the actual high-water level and solving the problem the use the 
previous formulas with 1.445 D,. would certainly fit the hydraulic 
conditions better than depressing the high-water level. 

The formulas might have been expressed more workable shape with all 
limitations and special cases collected together for ready reference. The 
writer begs leave submit such compilation the author’s data with 
view enhancing the value the paper and assisting the reader. 

The fact that such complex problem with many variable factors left 
unconsidered, possibly covered numerical coefficients, should ame- 
nable treatment any formula whatever kind, seems quite remarkable. 
The subject-matter the paper is, therefore, considerable value the pro- 
fession and the author’s efforts deserve hearty appreciation. 


Loc. cit., 1908. 
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Streams with Curved Channels Occupying the Entire Widths Their 
(Fig. 11).— 


Let the area square feet. 


the radius curvature concave bank stream, feet, 
Mitchell’s formula expressed terms these dimensions becomes: 


17.5 


For dimensions, meters, the constant, 17.5, Equation (9) becomes 
and the constant, 52.56, Equation (9a) becomes 


the retains its shape for straight channel. 

Areas computed Equation (9) are about too small, and cross- 
over bars the maximum depth actually about 15% less than given 
the formula. 

Streams with Curved Channels Occupying Only Parts Their Water- 
also Channels Alongside Single Curved Jetties (Fig. 12).— 


be P= 1.65 Da 
12. 


26.28 


26.28 


= | ‘ 3 | D a { 
q é| R ch 
| y R 
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w? R 2 


The width the channel mean given Equation (10) 20% 


the actual values. 
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STRESSES 
HELICALLY REINFORCED CONCRETE 


Discussion* 


if? 


Am. Soo. (by letter).t—The authors deal with 
the question the causes failure concrete, more plain 
and reinforced concrete columns. failure concrete attributed pri- 
marily shearing, tensile, compressive strain? What are the influences 
internal friction, helical reinforcing, vertical rodding, 
the data obtained past years shows quite conclusively that most failures 
plain concrete have obtained under mongrel ambiguous conditions 
strain. The data must accordingly regarded possessing apparent rather 
than rigorous scientific import. The refinements strict experimental tech- 
nique usual scientific testing have been too often neglected for the quite 
laudable aim facilitating common sense working conditions. Thus, the 
real cause failure has been destined remain moot point among engi- 
neers. 

simple example ambiguous straining the case the test with 
the “shear-tool” commonly used for concrete, timber, and steel, may 
cited. The apparent pure shearing failure is, course, reality combina- 
tion shearing, compression, and tensile strains indeterminate amounts. 
Another type experiment the same category the so-called punching 
test. Its unique position may compared that the “yellow primrose 
the shore” once quoted aptly Mr. George Grant Treatise 
Gear Wheels”. gives the punching strength and nothing more. For, 
again, the effect shearing proper completely masked combination 
stresses the independent effects which entirely impossible either 

Indeterminate data the case cylinder crushing are numerous, the 
ambiguities arising from the presence end “cappings” variable thick- 
nesses and degrees plasticity, unknown axial eccentricities, and the conse- 
quent introduction terminal stress couples, indeterminate radial frictional 
restraints from the platens testing machines, sluggish universal bearings, 
ete. Accordingly, the relatively wide variations found platting the data 
must “camouflaged” averaging the data groups the graph. The 


Am. Soc. E., continued from May, 1926, Proceedings. 


Prof. Experimental Eng.; Engr. Chg. Civ. Eng. Laboratories, Iowa State Coll., 
Ames, Iowa. 


Received the Secretary, February 26, 1926. 
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“stream tendency” thus narrowed give the semblance statistical 
however, who have made comparative study 
this field the last twenty-five years, are aware that these 
reality too often view the many interest- 
doubt. which encompass this whole subject. concrete test data 
Why does the and 

practice hold constant all variables but the one 
under consideration, note the the with, 
this variable, and then proceed with the others detail manner. 
Mongrel, conditions testing should an, instance, 
well-known fact rational dynamics that pure shearing stress under 
unequivocal conditions may obtained twisting circular 
‘shaft the material. Special cylindrical moulds with slight enlargements 
provide for local effects, and arranged to, clamp together 
halves, may used to, this end easily the 
few, twisting strains conducted Mérsch give 
definite fractures, such those. obtained Little 
stress-strain data for concrete tension, and yet they are easily 

regards compression data, writer’s privilege witness number 
the column Wrentmore, Brodie, and Carey, cited the authors.* 
These authorities used cast-iron “cups” filled with sand and caulked with 
waste ‘to “sécure full even bearing the sand. restrained sand bear- 
ing used with good results for tests pipe under conditions 
simulating those Nature. 

cylinder ‘absolutely pure compression with the elimination un- 
variations from the means. few hundred precise. data this kind will 
easily outweigh many thousand the so-called “practical” 
but which the: definite information Having 
cylinder already exposed twisting bearings 
with suitable ball: ‘suffice for applying the The meth- 


Proceedings, Am. Soc. January, 1926, Papers and Discussions, 
Proceedings; Am. Soc. for Testing Materials, 1913, 1004, Fig. 14, 
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‘The pure compression test Schuyler deserves more than com- 
ment. the first place, the so-called Coulomb type shear failure cited for 
many years textbooks disappears altogether, those the Navier 
and Bouton type. The specimen pure vertical planes 
through the axis usually 120° concrete having tensile strength 
only about one-tenth and one-half, respectively, the compression and 
shearing values, must fail tension unless prevented from doing 
the methods adopted investigators. one may usually 
the compression strength many materials infinity for most practical 
neous failures and not compression proper. The apparent failure timber 
compression, for the strength the tracheid fibers 
again, recent paper one author speaks concrete sustaining 45000 
per sq. in. under from all sides hydrostatic pressure, and 


doubtless capable sustaining much higher pressures than this when suitably 


has been known for many years, since the days ‘of the scientists, 
Sedgwick, Lyell, and Sorby, that strain induces structure 
tangible matter. The has ‘already been commented’ Professor 
Love, the English elastician. The forces set are akin 
lization. The essential facts have been illuminating manner 
the Irish scientist, John Tyndall, lecture before the Royal Institution 
Great Britain, June 1856. remarks ‘connection with the 
variety other most interesting phenomena: 


“There such thing nature body perfectly homogeneous 
structure. break this clay which seems uniform, and find that the frac- 
presents eyes innumerable surfaces along which has given away, 
and has yielded along those surfaces them the cohesion ‘of the 
less than elsewhere. break this marble, and even this wax, and 
observe the same result; look the mud the bottom dried pond; look 
some the ungraveled walks Kensington Gardens drying after rain 
—they are cracked and split, and other circumstances being equal, they crack 
and split where the cohesion minimum. Take then mass partially 
consolidated mud: Such mass divided and interior surfaces 
along which the cohesion comparatively small. Penetrate idea, 
and you will see composed numberless irregular polyhedra bounded 
surfaces weak cohesion. Imagine such mass subjected pressure— 


The writer has attributed planes through the failures 
cohesion following the authority Tyndall discussed later. That this gratuitous 
assumption, however, may urged discerning mathematician; for, dynamics, any 
stress distribution acting mechanical system must satisfy the conditions rigid body 
equilibrium accordance with the provisions Newton’s equations (see 
“Theory 166).. Now, the cylindrical face the 
concrete testing machine free from ‘stress, natural for the critical 
the question (as did the regarding the anomaly what balances 
the radial and stresses the sectors into which the 
are rigorously zero. The writer can only state light his own 
knowledge and experience that believes this legitimate field for the application 
the hypothesis the late Mansfield Merriman, Soc. and 
Prof. Love considers failure tangible matter still be.a moot point, (See 
“Theory Elasticity,” Second Edition, 117): The hypothéses are: That 
under maximum stress; (b) under maximum shear; (c) under the difference maximum 
and minimum stresses; under maximum 
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yields out the diréction least resistance; the little poly- 
hedra become converted into separated from each other surfaces 
angles the line pressure.” 


into the domain the pastry cook and iron founder; nay, wheel 
less the features this 


instances research State College, case compression 
tests virgin earth cylinders has. been possible obtain complete ver- 
tical network cohesive failures—of which the Schuyler type fracture may 
regarded elementary case, perfect those found Iowa depres- 
sions the soil after water has evaporated and similar those cited 
Tyndall. fact, were not known that these networks fractures were 
produced compression strains, they easily mistaken for the phe- 
nomena experienced shrinkage soils during the heat summer. The 
writer has been informed Dr. Professor Chemical Engi- 
neering, who has the same class phenomena, that typically 
prismatic structure observable the the coke oven. the 
other nature, the geologists; Shaler and Woodworth, have 
eoke strata overlying the carboniferous beds the Richmond, Va., Basin, 

the hollow building tile with running vertically the usual 
angular shearing failures the tests are conducted with plaster 
Paris caps the specimens. when the ends are ground smooth 
with surfacing machine realize partly the freedom from radical con- 
been obtained the writer. The specimens, break simultaneously: cell 
fillets into yertical “slats” without, those “warnings” early partial fractures 
which are the tests with the plaster Paris caps. The com- 
pression failures soft iron cited clearly show the 
presence vertical cracks. Rock cylinders tested impact with the Page 
drop test give the same type fractures found Schuyler for concrete. 
the Michaelis “ball test”, the balls cement dropped slab from 
given height determine the relative consistency result partial hydra- 
tion the particles show well-defined vertical when they 
lack the requisite plasticity. the case brick pier tests, the other 
hand, the influence frictional constraint evidence far the quarter- 
points the specimen. The exterior walls are off” the wedging 
action the pyramids the manner the extraneous matter 
leaden bullet snowball slides the cone material which adheres 
wall target. caused radial constraint the platens. 
When there there has been radial slippage the platens; the 


Annual Report, Geological Survey, 1899, pp. Plate XIV. 
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the Schuyler fracture occurs, compression fracture not being caused 
account the much greater resistances against 
except under conditions platen supports. 

the case helical reinforcement when present, when the 
question flexure being neglected, there are two types matter 
consider—the molar predicated textbooks, and the 
actual granular material the the former case the construc- 
tion the helix regarded grating series the winding 
effect introduced complicate vastly the cause 
constraint using the authors’ notation. This stress, may 
obtained from the rigorous dynamical Equation (16) 

modulus the concrete, the lateral pressure, and the reciprocal 
Poisson’s ratio. would expected considerations that 
such column, absolutely concentrically loaded, would fail tension 
the previous cases after the yield point the reinforeement been passed, 
for the resistance expansion the platens tends dissipate itself 
with the distance from the ends. rule, however, that most square- 
ended columns have inherent will, safer perhaps assume 
practice that the failure shear, any definite analytical data 
the strain measurements necessary analytical decision. 
tan 

which, the angle the ‘plane the stress, and inclined 
interface which slippage takes place, and the obliquity the resultant 
minimum values are found platting taking the be, 


the stress the steel reaches yield point, the 
will not occur the concrete within the. helix the 
imposed load.” Therefore, natural again ask, “tension” failures 
the Tyndall or. Schuyler type already present even the shear failures 
Indeed the records tests show that frictional dilatancy alone. 
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with’ pebbles, about cu. The helix acts like the 
tracing cloth that column, even has become more less fractured 

natural raise the question of. the uni-planar 
the type these sometimes occur instead the 
narily used discriminate here; for tacitly assumed that either 
type failure may, The interpretation homogeneous 
stress thus framed hoc suit the The writer prefers 
the Bouton failure sporadic—a mere accidental failure, one might say. 
deal with such freak phenomena necessary part with the 
tion molar matter, theory, and think the concrete its true status 
inherently granular. starts fracture locally some “plane limited 
stability” the language Reynolds; and when crack starts 
nature seems possess almost human and persistence. slight 
strain developed matter causes “infinity” stress the “point 
divellence” re-entrant angle the crack plate girder, for 
instance, will tend seek out the holes and re-entrant points within and 
the edge the ‘The ‘writer has noted concrete roadways 
numerous occasions that crack concrete roadbed passes into the adja- 
cent’ beyond. ohn has made the apropos remark 

once produced has tendency run for this plain reason, that 
its momentary limit the point which arrived, the divellent 
force the there situated counteracted only half the cohe- 
sive force which acted when there was the the 
uncracked force 

matrix and pebble gradually developed under the strain the tendency 
minute tears until fails 

the writer wishes emphasize the need distinguishing 
between the seyeral types fracture which have been discussed. believes 
the phenomena failure may given other interpretations than those now 
current with The authors’ papet that raises 
many important points which should considered. They are con- 
gratulated their consistent mathematical treatment subject which 
needs investigation. 


Proceedings, Am, Soc. E., August, 1920, Papers and Discussions, 934. 
Johnson’s Fifth 118, Fig, 12. 

Proceedings, Royal Soc., Vol. XII, 678, quoted from Tyndall. 

Pittsburgh, Pa. 

Received the Secretary, March 26, 1926. 
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demands “rational analysis” determine safe stresses 
factors safety. The authors, arbitrarily selecting factor safety, 
not utilize the rational has already 
Equation gives promise value the analysis the spirally 
reinforced column, but before the equation may the constants, 
and must known, beyond the ultimate ‘strain conerete, and can not 
“assumed probable values.” The other end equations, 
atid (27),¢ are not valid, nor the conclusion correct that the stress necessary 
cause failure the column fiber greater than the mean ultimate 

The authors have cited proof, otherwise, that 
reinforcement “tends neutralize the effects local imperfections the 
concrete.” Although the spiral “tends neutralize the effects local imper- 
fections” yet “tests indicated that failure was due flexure, but this was 
due, doubt, local defect.” 

The attempted proof that “the unit compressive stress which will cause 
failure shearing out wedge the extreme fiber [of column] must 
least 1.75 times the unit compressive which will cause failure 
shearing the entire section the column,” erroneous, hypothesis was 
offered limiting the size the wedge, and, therefore, the analysis would 
valid for wedge the thickness which was equal the column diameter, 
with results contradictory those obtained from Fig. This itself 
proof error. Moreover, provided the proof presented were valid, would 
have shown that the extreme columm fiber could not fail manner re- 
quiring less stress than that required shear out the wedge; for example, 
the same type failure that characterizes the failure the column 
whole, rupture plane planes inclined the column axis. 

The analysis the forees acting near the column surface may simpli- 
fied considering one-half the shown Fig. The plane, 
(Fig. 6), perpendicular the tangent the column surface 
along element; perpendicular the paper and ab. The shear 
along zero, since perpendicular free boundary surface, ab, 
along which shear exists. the same reasoning, the shear the plane 
parallel the paper zero. The summation the horizontal forces gives 
with the analysis Fig. 1): 


The compressive required cause failure shearing out small wedge 
the same that required cause shearing rupture the extreme fiber 


Transactions, Am. Soc. Vol. (1923), 1127. 

Proceedings, Am. Soc. 1926, Papers and Discussions, 12. 

When such precise and scholarly authority Love uses the term “spiral,” 
may accepted correct, see “Mathematical Theory Second 396. 

Proceedings, Soc. E., January, 1926, Papers and 
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one the same the compressive stress cause 
failure the the column. 

The Synopsis* contains the conclusion: “(1) Plain 
fail shear rather than compression,” and 
alone.” Pure shear cannot produced com- 
pression. true that conerete fails separation and sliding 
the new surfaces along plane, such that 
cone, the common form observed conerete test cylinders. This 
plane failure not plane pure shear, but has compres- 
sion forces acting across well the shearing stresses. The 
authors’ intent using “failure compression”, evidently 


© 


“Orushing,” the other method failure mentioned, may the 


‘Compression failures may classified (a) plastic, exhibited lead, 
short mild steel etc., long specimen the material failing 
buckling (as structural steel column); and sliding shearing the 
material, cast iron, terra cotta, ‘The so-called “splitting” 
failure secondary result the action wedges the material originally 
produced shear failure, splitting the material between the wedge and the 
other surface producing the compression. Crushing may secondary effect 
the shear failure materials low strength, the material being unable 
uninjured beyond the point original shearing, when the two surfaces 
ate further compressed. The phenomena may also due weakness 
defect the material throughout volume considerable magnitude. Thus, 
stratum weaker material included between two strata, 
increase stress will cause the “shearing” failure the weaker material. 
the stratum not sufficiently thick permit the two parts the material 
slide past one another, they are kept the same axis, continued com- 
pression will break down the vertices the shear cones originally 
resulting series additional “shearing” failures, until the weaker 
material broken into small pieces, The phenomenon 

occurs “lean” concrete, the failure being due the wedge action 
the large aggregate the much weaker part the concrete. material 
absolutely uniform strength throughout. the stress increased, the 
concrete will rupture over small areas where the material weakest, the areas 
rupture increasing number and magnitude with increasing stress. The 
greater the variation strength the material, the more pronounced and 
scattered will this network ruptured areas be, and sufficiently so, the 
result may possibly the so-called crushing failure. 


Great care must exercised the application the friction 


one familiar with the irregular form broken specimens concrete, 
and ‘also comparison with the selection the authors values 


Proceedings, Am. Soc. January, 1926, Papers and Discussions, 
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45°” and “about 50°”, value for 76° 43’ absurdly accurate.; Sound 
proof the unquestionable experimental determination with the measure 
the dependability the result expressed means the probable error, 
necessary before must demonstrated that the friction angle 
constant, assumed differentiating Equation (12),* and the 
same for plain concrete and for identical concrete laterally restrained rein- 
forcement. The constancy present purely hypothetical. 

Provided that the characteristics known, the analysis the paper 
assumes perfectly homogeneous material uniform strength 
condition that concrete does loosely approximate. The 
concrete occurs along irregular surface, the angle between the axis and the 
plane tangent the surface varying greatly from point point. analysis 
given the paper, therefore, cannot hold, for the “shearing” strength the 
throughout the concrete. 

The second conclusion, that “the imposed load must sufficient over- 
come the shearing resistance the concrete and the 
the material incipient motion along the impending plane rupture”, 
not conclusion, nor unique and sole possible interpretation pertinent 
test phenomena, but hypothesis which build the analysis column 
action. “The frictional resistance the material more important, factor. 
than commonly assumed”—in fact, indispensable factor 
the friction concept used the working hypothesis 
not used, the frictional resistance not used and importance what- 
ever. One weakness the frictional hypothesis that the equations devel- 
oped. upon are single-valued, and valid only the point failure the 
material, whereas the ordinary stress-strain relations are valid for all stresses 
and including the maximum ultimate. 

The conclusion that “helical effective resisting shear- 
ing the concrete core and, sufficient reinforcement used, 
possible preclude shearing failure the concrete,” apparent con- 
tradiction the authors’ statement, the effect that for more 
reinforcement “the column will not fail, even after the concrete has crushed, 
until the helical reinforcement has been stressed considerably beyond its 
elastic limit,” for any “crushing” the concrete shearing. The 
columns, and with spiral, are experimental evidence that spiral rein- 
forcement itself, for one example least, impotent preventing shear 
failure the concrete, the column failure (maximum load) occurring the 
approximate ultimate stress and strain the plain concrete. (The theoretical 
column strength based the strength the concrete the test 
cylinders plus the strength added the 500 Ib. per in. 

That point which the integral state the concrete destroyed, either 
shear rupture, “crushing”, whatever marks. the 
strength which the column serves useful purpose. This strength, pur: 


Proceedings, Am. Soc. E., January, 1926, Papers and Discussions, 10. 


Transactions, Am. Soc. Vol. LXXXVI (1923), 1099, methods used 
the authors. 


If, 
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If, however, claimed the authors, concrete reinforced with more than 
spiral, erushes before the. maximum strength 
imperative that the strength crushing. occurs known. This 
latter strength, supposedly given Equation (21), Fig. indicates 
more than proportionate increase column strength with increase rein- 
forcement. Contrary this, the majority column tests indicate that the 
maximum strength (which would greater than the strength) 
proportional the percentage spiral, while the McKibben and Merrill 
tests indicate only small increase column strength with increase 
reinforcement beyond 0.5 per cent. 

The statement the mechanics failure column with greater 
1.6% spiral reinforcement, not clear: First, the concrete crushes, after which 
“failure” occurs, reinforcement stressed some point “beyond 
its elastic limit and possibly, some cases, its ultimate strength.” 
exactly what phenomena the “failure” consists, failure has 
been used connote the maximum column load sustained, the statement 
then correct; the maximum load sustained, however, shortly after 
“crushing.” 
Experimental data fail demonstrate that more than 1.6% spiral 
precludes shearing the original: source ‘the 
authors’ contention, appears that “the tests indicate, but can not said 
simply which can carried granular core supported 
the spiral, with its own.” conclusion mainly based 
uniqué interpretation the plotted column strength test These 
points are represented most irregular empirical cutve, whereas 
line, ‘equally well, The test specimens, miniature 

information with the several columns in. diameter the 
Institute and the tests columns in. diameter 
Messrs. and Merrill,t neither which have included ‘in 
the test data Table 1.8 Professor Talbot that: 

load may not reached until the hooping has 
been stressed elastic other cases this load reached 


without developing the elastic the especially when 


lateral deflections the and general from, the general 
occur. 


Professors Withey and McKibben Merrill have. remarked on; any 


Proceedings, Am. Soc,.C. E., January, 1926, Discussions, 21, 
Bulletin No. 20, Eng. Station, Univ. Illinois. 
Proceedings, Soc, E., January, 1926, Papers and Discussions, pp. 19. 
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‘special phenomena columns with more than 1.58% rein- 
forcement. 

strain history the laterally reinforced column has not been given. 
This essential the analysis the column, for maximum column strength 
attained large strain, many times the ultimate strain unreinforced 
concrete (approximately 0.0015 in. per in.). Experimental has been 
that: 


0.7% spiral reinforced concrete, least 0.006 in. per 
lin. in., the core concrete, except the point the column which the failure 
occurred, was practically uninjured, and required severe blows from heavy 
maul break it. 

spiral reinforced column, approximately kg. per sq. cm. 
inforced strength, was stressed 666.7 kg. per sq. cm. The spiral 
stripped for equal three diameters, and broken under load 
61.2 kg: per square cm. 

3.—Four columns U-1, U-2), with spiral and 6.11% rods, 
failed to. have their strength appreciably increased the spiral reinforcement, 
and ultimate strain was not appreciably different from that unre- 
inforced concrete. 

Therefore, since concrete that has its strength increased reinforcement 
may strained unbroken and integral far beyond the unreinforced ultimate 
strain, and since the ultimate column strength occurs the ultimate strain 
the unreinforced concrete, the one case where the concrete strength 
appreciably increased the spiral, apparent that the maximum 
strength the column developed when the core fails shear rupture, 
column reinforced with 1.58% spiral will have 
ultimate much beyond the ultimate strain the con- 
crete, and the core will remain sound (that is, unbroken and integral) much 
béyond the corresponding strain the unreinforced concrete. absurd 
consider that the addition more spiral reinforcement. will cause the 
fail shear crushing smaller strain; that would contrary 
the conclusions drawn from Equation (12), for decreases with 
increase 

Equation (23) gives with close the between the 
stresses plain and reinforced concrete for equal strains, This, 
course, becomes meaningless for stresses plain concrete beyond the ultimate 
stress. If, however, substituted for the equation, then for any 

(the longitudinal strain the spirally reinforced column), and 
(the modulus elasticity that strain) will the compressive stress 
the column. The value increases far beyond the ultimate strain 
plain concrete, and has been shownt that the product, increases 
greatly beyond its value the ultimate strain plain concrete. The authors’ 
interpretation the equation giving the “crushing” strength spirally 


Transactions, Am. E., Vol. LXXXVI (1923), 


Transactions, Am. Soc. Vol. LXXXVI (1923), 1103, seq. 
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the ultimate strain the unreinforced phenomenon that holds 
only. concrete high ultimate the form given paper, 
the reinforced column which compressed the ultimate strain 
the reinforced concrete gotten ‘from the 

Equation not give the relation between 
tudinal column stress for column core. Moreover, ‘because 
the imconsistency of, the séveral operations developing, the equation 
occur point, the authors seem, believe. 

mass in, which equilibrium obtains, the forces cause 
when placed equal zero, equation expresses, the differ- 
ence between the and the friction force. The 
which, 


i 


tan 


column. stresses. 

curye well represents the 268 440-day, observations. The, straight line 
entirely different; group The points representative the 
The strength concrete varies considerably, within this and the cur- 
ing conditions moreover this particular case 

servation energy,t the many values less than which are given the 
mentally determined, 


Transactions, Am. Soc. E., Vol. LXXXVI- (1923), 1096, 
Loc, cit., 1108. 
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Equation (21) function and also another constant difficult 
determination for stresses near the ultimate spiral reinforced 
varies greatly for strains beyond the ultimate strain plain concrete, 
decreasing with increasing strain, and increasing not 
known that are constant the ultimate strength con- 
crete, independent the percentage spiral reinforcement; hence, for one- 
strength concrete, the curve representing Equation Fig. for 
instead constant values and throughout, and would result 
altogether different form curve. 


perfectly justified their contention that the addition helical reinforce- 
ment concrete column should not give the name reinforced 
column”. the suggested nor the usual term short enough meet 
with general approval and the writer would glad development 
simple nomenclature this well other branches reinforced con- 
crete. The expression “reinforced concrete” also far from truly 
descriptive. 

The separation the types failure concrete given the 
authors quite logical, and may described generally, using the same divi- 
sion the paper, follows: 

(a).—Some columns fail accordance with the usual method com- 
pression failure solids (or granular materials) that are low tensile 
strength, and, therefore, fail easily diagonal shear. The equations for this 
type failure are identical with those defining the limiting resistances 
granular solids plane within the solid. this theory, 
must assumed that the shearing stress, f,, the paper, uniform 
over the entire area along which failure occurs. This assumption cannot 
justified experimental data shear failure concrete. The “friction 
angle” the paper the value now universally called the angle internal 
friction solid body. 

(b).—When sufficient steel placed jacket around body, 
failure compressive load separation the granular constituents the 
core, that is, Separation the internal structure necessarily 
requires certain yield the steel helix. not possible, therefore, 
admit the previous conclusion that helical effect 
preventing crushing the concrete core. 

section can placed around the concrete the 
elastic stretch under increasing loads not sufficient allow the internal 
structure separate, crush, and thus failure cannot until, some 
point, the steel stressed beyond its elastic limit. 


The authors fail define the value evidently, radius gyration, 


which expression not easily defined reinforced concrete theory. far 


Cons. Engr., New York, 
Received the Secretary, April 14, 1926. 
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simpler, and involves greater (if large) errors the ratio length 
minimum width diameter used. 

interesting compare the equations for maximum stresses 
and eccentrically loaded columns. One surprised find that these equations 
give the same possibility failure for given load placed with 
eccentricity one-eighth the addition, these results not 
agree with the theoretical Mensch, Am. E., which 
was also based large collection experimental data. The graphical 
solution Mr. Mensch’s formula requires that eccentricity one-eighth 
reduce the ultimate load 70% the ultimate axial load. 

Based the authors’ analysis, the percentage helical rein- 
foreement should limited between and 1.6% for the economical use 
the steel. The analysis, however, not complete disregarding such factors 
the relative contraction core, helix, and concrete shell, 
during the period Taking such factors into consideration, seems 
not unlikely that the usual building code restriction from not 
only theoretically justifiable, but. marks the most economical use the 
reinforcement. 
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should all members the interested irrigation 
and The writer’s contribution will the 
summaries part the data ¢ollected himself period during 
which practically his entire time was spent evaporation research. 

the summer 1915 went Denver, Engineer for the 
Department Agriculture build and operate Irrigation Field Labora- 
tory. This project was conceived by, and the work was done under the direc- 
tion of, Samuel Fortier, Am. E., then Chief Irrigation Investi- 
gations, Office Public Road and Rural Engineering. The major investiga- 
tions the Laboratory for the two years its operation before the World 
War were evaporation studies. The the first year’s observations 
did not give that eminent authority irrigation engineering, Dr. Fortier, 
due credit for the conception the evaporation research project and guidance 
the work throughout the period operation the Laboratory. 

One the problems set, and the one partial answer which the figures 
presented this discussion were obtained, was the determination ratios 
between evaporation amounts from the surfaces water held containers 
different sizes, shapes, and positions setting. 

The its floating pans, are shown Figs. and 
was located within the city limits Denver, but the open prairie south 
the residential districts. Methods, accuracy work, and full description 
all water-surface evaporation investigations have been presented elsewhere.§ 

The Laboratory was completed time make the first evaporation meas- 
urements during the third week November, 1915. These measurements 
were carried through until September 30, 1917, and summaries data obtained 
from them are given herein. These summaries combine the data published 
1917 with one additional year’s observations. Many evaporation tanks 


Discussion the paper Ivan Houk, Am. Soc. E., continued from May, 1926, 
Proceedings. 


Engr., Minnesota Tax Comm., Minneapolis, Minn. 
Received the Secretary, March 1926. 


“Evaporation from the Surfaces Water and River-Bed Materials,” Sleight, 
Journal Agricultural Research, Vol. No. July 30, 1917. 


See, also, Engineering News, No. 23, 1080. 
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eight, 


were used. only two the records continuous for the entire period, 
possible from some the types tanks 

The first, item listed Table Tank No. ft. diameter, 
ft. deep, set ft, deep, with water depth near could 
kept; has been base upon which compute 
Tank No. in. during the period, November 30, 
1917, whatever other was No. during the 
100 per cent. 


LOCATION PLAN 
IRRIGATION FIELD LABORATORY 
PUBLIC ROADS 
RURAL ENGINEERING 

DENVER, 


FEET 


ratios between the amount evaporated from Tank No. and that from other 
tanks are given Table 

attempt will made explain the variations and ratios found 
between evaporation depths from tanks different Some them may 


expressed quite readily formulas, but for practical 


the curves Fig. will serve well better. cannot said 
the ratios are exactly comparable was not possible operate each tank 
continuously, all for equal lengths time. However, the ratios between 
Ground Tank No. and the others give factors for, that ‘are 
believed the best bases for 


five classifications series comparisons: 


(A) ground tanks, ft. set 2.75 ft. deep; 
ft.; with diameters from ft, ft. Tanks Nos. and 

2.75 ft.; water depth, 2.75 with water surface sq. ft. 


ures 
atios 
ners 
It 
outh 
ined 
shed 
anks 
1926, 
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Tanks Nos. and For comparison between square and circular exposed 
water surface there are Tanks Nos. and each with area sq. ft,. 

(C).—Cylindrical ground surface tanks the Weather Bureau type 
for Class Stations; in. deep; setting wood foundations above ground. 
The standard ft. diameter tank compared with tanks ft. and 
ft. diameter. Tanks Nos. 69, and give the relations. 

(D).—Ground tanks form, having different depths. series 
with diameters ft. and depths from 0.5 ft. ft. furnished Tanks 
Nos, 18, 19, 21, 22, and series with diameters ft. and depths 

cylindrical pans, ft. deep, with diameters 0.83 ft. 
ft., and floating pan, ft. ft. square and 1.5 ft. deep. Tanks Nos. 
92, and 73. 
The results from each series are shown the curves Fig. 

Series (A).—Ground Tanks—Curve presents the data for 
Series (A) tanks. This set results perhaps one the most. significant 
and valuable obtained the Laboratory. The curve, making only small 
angle with the horizontal between the points for the 12-ft. and 9-ft. tanks, takes 
turn upward and rises rapidly the exposed water surface area becomes 
less than sq. ft. The depth evaporation from ground tank ft. 
diameter was found nearly 60% greater than that from the 12-ft. tank. 

likely that majority the tanks installed the for the purpose 
obtaining indices evaporation from large open water surfaces have been 
from ft. diameter, probably the greater number these between 
and ft. The depth evaporated from the ground tank, 3.39 ft. diameter 
and sq. ft. area, was more than 20% greater than that from the 12-ft. 
tank. 

Curve (Fig. 9), clearly ‘indicates that the engineer should carefully 
investigate the method used obtain whatever data evaporation may 
have use. Unfortunately, some the tables presented the 
past lack sufficient identification justify their use. 

Series (B).—Ground Tanks.—Only two square tanks, Nos. and 15, were 


used for these observations. percentage basis, with the cylindrical Tank 


No. 100%, results are shown Curve (Fig. general slope 
the line for the two sizes—2.0 and 3.0 ft. square—is about the same for 
the cylindrical ground tanks. With equal exposed areas the evaporation 


slightly greater from, the square surface, Its ratio perimeter area 


greater and there greater wetted area follows, therefore, that 
evaporation taking place from slightly greater surface when tank pre- 
senting square water surface used, than with cylindrical one equal 
cross-sectional area. 

From Table the relation between Tanks No. ft. 
ft.) and No, (circular, 3.39 ft, diameter) based Tank is: 
Tank No. 15, but Curve (Fig. 9), shows that the relation would prac- 
‘tically the 

Thus, within the limits experimental work done the 
tory, evaporation from ground with square. exposed area was 
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Description, Period observations. For For Tank Percentage 


same Tank 30, 1917. 


wise same Tank No. 1915-Se 1%, 1917, 
except Nov. 21, 


Mar. 11, 1917...... 
ft. diameter, otherwise 
deep; set ground, 
setting wood foun 
tion; Weather Bureau 
Class 15-Dec. 13, 1915; Mar. 
6-Nov. 18, 1916; and Apr. 


11-Sept. 80, 
ft. diameter, otherwise 
same Tank |Apr. 11-Sept. 30, 1917 
ft. diameter, otherwise 
same Tank No. 8....... 80, 
set ground, 0.25 ft.; 
with water 0.25 ft, 1916, 


May 
diameter; 1.0 ft. deep; 
ground, 0.75 ft.; and 
with water, 0.75 ft. 5-Oct. 1916 and 


May 28-Sept. 
2ft. diameter; deep; 
set 1.25 ft.; and 
water, 1.25 5-Oct. 1916. and 
set ground, 1.75 ft.; and 
with water, 1.75 ft. deep.. June 1916, and 


with water, 5.75 ft. 1916 and May 


24, 1917.......... 


Tank 
85.47 100 
79.68 158.9 
116.09 81.69 
28,49 
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TABLE 15.—(Continued). 


EVAPORATION DURING PERIOD. 


inches. inches. 


3ft. square; 1.5 ft. deep, 
with two supporting cyl- 
inders, Geological 
thirteen periods, ranging 
from May 112.5 


July 17, 1917...... 10.27 130.7 
ft. diameter; ft. deep.|July 17, 1917 10.68 108.5 
14-27, 6.89 6.57 97.1 


slightly less than greater than that ground tank with circular 
exposed area the same size, both being 3.0 ft. and having 
settings and water depths 2.75 ft. 

Weather Bureau type for Class stations (No, with others.of the same 
design, but with different Curve (Fig. shows graphically the 
Taking Tank No. 100%, the ratios are given 
Table 16. 


set Ground 2.75 Feet (No. 


Evaporation Percentage that from Tank Feet 


and Feet deep, 


inches deep, 


RATIOS OBTAINED 

FROM EVAPORATION 

MEASUREMENTS 

DENVER, LABORATORY 

Figures refer to tank numbers 


B Ground Tanks with square exposed Water Surface, 


E Cylindrical Floating Pans, 1 


100 110 


Fie. 


on 


Tank 
No. 
Floating Pan Evaporation this 
120 
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Curve (Fig. has the same form that for the ground tanks. 

Series Tanks.—Series (D) can split into two sub-series, 
one, comprising Tanks Nos. 16, and 17, with tanks, ft. diameter, and the 
other with 2-ft. From seen that the ratios, based 


The results given Table not indicate any material variation 
evaporation amounts. One questionable point arises from the 
Tanks Nos. and each case the tank was used for longer period than 
the others the series and shows greater relative amount evapora- 
tion. believed that under conditions those the Denver 
Laboratory slight) differences recorded over long 
periods observation tanks different depths are used. However, 
probably not advisable install any less than 2.0 ft. deep, the results are 


TABLE 17.—Comparison EVAPORATION FROM LAND Pans. 


Series Pans.—Storms interrupted the observations 
several floating pans; the results possibly are not trustworthy and, therefore, 
have been omitted. There some doubt about the results from Tank 
pan, 6.0 ft. diameter. was operated successfully for only short time. 
One pan, the Geological Survey type, was operated for two seasons; 
the others, for part the second season (Fig. presents 
the results graphically. 

Although there was exactly size, the evaporation from the 
floating square pan from the curve about greater than that 
from cylindrical one’ the same exposed This size’ 
sq. ft. and practically the same the relation found between evapora- 
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tion from ground: tanks square and circular water surfaces. 
noted that Curve (Fig. 9), follows the same Curve 

The evaporation from ground tanks the laboratory 
that from floating pans with exposed water area ‘size and 
shape, are follows: 


water surface. square feet. Ratio. 


the case the cylindrical tanks, the ratio decreases the area increases. 
This necessarily be: 80} condition open water area 

to: convenience: reliability floating pan for 
practical use not 6.0-ft. size used was not satis- 
factory. The use the arrangement described the paper would 
standard more satisfactory than any other 

Comparison Observations -on Common Basis.—For 
purposes, Table 18, showing the results previously discussed, the depth 
variation series, has been compiled. 


Circular Water Surface. Square Water Surface. 


Floating Ground tanks, Ground tank, 

square andatsame depth: 2.75ft. Survey type. depth 2.75 ft. 


level lake. setting. in. setting. 


| 


Interpolated from curves, Fig. 


; 


Discussions evaporation may found handbooks, texts hydrau- 

and technical papers. present formulas, others give tables 

measurement, the and kind container used gauge. 


Interpolated. 
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60% range. Then other differences the 
shape and ‘type tank. true that the used for the extension 
extent doubtful; the other hand, the bases tank 

The writer fully agrees with Mr. Houk regarding necessity con- 
sidering meteorological conditions. the Denver Laboratory were kept rec- 
ords air and, water temperatures, relative humidity, wind movement and 
direction; and; precipitation. addition maximum and 
minimum and two other daily temperature readings standard thermometers 
and two daily observations relative humidity wet and dry bulbs, 
continuous records were made graphically recording 
hygrometers. graphic recorder was attached one the anemometers and 

Hoff evaporimeter one the evaporation tanks. Weather 
were maintained 

The results the first year’s meteorological with other 
published.* Records the second year’s observations made at, the 
Denyer Laboratory are file the office the Bureau Public Roads, 

Table 19. 

compared with those presented Mr. Houk, that the Weather Bureau 
pan for Class stations and the ft. square ground tank. The depth the 
ft. square tank Denver was ft., while the one Jackson Lake was in. 
However, Denver observations indicated that the depths ground tanks prob- 

ably had little effect evaporation excépt when the tanks are shallow. 

Over the entire two-year period operation Denver, the depth evap- 
orated from ft. squaré ground tank was 88% that from the 
Weather Bureau Class ground-surface pan, while the Jackson Lake ratio 
per cent. the summer the Denver figures are given 
Table 20. 

There slight pan and settings. The cireular pan 
Jackson Lake was set the ground, the one Denver wooden founda- 
specified the Weather.Bureau; the square tank Jackson 
Lake was set ground (depth setting not given) with earth banked 
around the sides the level, whilé the one Denver was set the 
ground the water level. seems, that these circumstances would 
tend make greater difference evaporation recorded 
Denver than between those Jackson Lake. 


Journal Agricultural Research, Vol. No. July 80, 1917. 
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The results the comparison emphasize the necessity for complete descrip- 
tions all methods and equipment connection with records evaporation 
measurements. They further indicate the value meteorological data. The 
air temperature Jackson Lake during the three months 1924 
which the comparative records were made was 53°; during the 
mer period Denver, was 64° 1916 and 63° 1917: The relative 
humidity was 59% 1916 and 65% 1917, determined the hygrometer. 
The total wind movement for period 1916 was 600 miles compared 


1915-1916. 


Week ended: mean movement, Tank No. 


1915: 
“ 29 | 


ry 


Anemometer ft. above ground, 


1916: 
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one comparison the Denver and Jackson Lake results raises the 
question whether the Weather Bureau Class stations the 
best index for attempting estimate evaporation from large open water 
probably greater than that any other. The ground tank more nearly 
approximates reservoir. The temperature changes the water the 
ground-surface pan follow air temperature changes more closely than those 
water the reservoir the ground tank. The temperature records the 
water the Class pan Denver show maximum day temperature greater 
than, minimum night temperature lower than, and average temperature 
lower than, was recorded for any high day 
temperature the time low relative humidity probably caused rapid 
evaporation. expected that districts where cool nights and rather 
high midday air temperatures summer, the ratio depths, 
evaporation from ground tank from the Class pan will 
not the same districts where daily variations air temperatures are 
not great. This may the explanation the difference the ratios 
Denver and ackson 


TABLE Evaporation, Denver, 


Evaporation 


Evaporation 
from ft. 
from Class Ratio, 


May 8-September 24, 
May 9-September 25, 86.56 41.59 


the end one season its use the writer had formed the opinion that 
ground tank with square circular cross-section not less than ft. across 
and ft. deep, with the water level about even with the ground level, 
should used. 

There are, many records from Class stations. hoped that 
the discussion Mr. Houk’s paper will bring out reliable data how 
these records can the best advantage. 

For number years the writer’s Fig. has been locked away 
the accumulation data which its value may proven. presented 
means which evaporation from large open water surfaces may esti- 
mated from Weather Bureau meteorological data. based largely 
the Denver research work, and conditions the Denver 
region and involves the writer’s the extension evapora- 
tion tank observations large open comprehends the main 
lower than that Denver, which under the same 
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wind 
Ariz: 


The for are found follows: Air temperature 
‘and minimum, preferably two observations daily; 


DIAGRAM FOR ESTIMATING 
LARGE OPEN WATER 
THE USE ORDINARILY 


AVAILABLE METEOROLOGICAL RECORDS 


a 
~ 


4 


~~ 
Q 
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during Wee . 


above the water For higher elevations, ft. above the water 
ground (up ft.), divide the wind movement 038 93) 
get the movement the 


rik 
é 


‘ature 
the 


section temperature line! with relative curve, 

cheeked ‘further before: them the solution problem. 
The presented beginning the writer desires 
develop ‘hopes that paper Mr. Houk ‘will 


bring data character suitable for this development, 


much data condensed form, should considerable value the profession 
for this information not readily obtained except from the files the U,, 
Reclamation Bureau. Although frequently 
data the subject evaporation, rainfall, wind velocity, and 
humidity, are difficult obtain for any given 


TABLE 21. 


Station 
State Islands. 
Groun 
About. 
Records since 1852, 
since 
Wind velocity (see text) since 1909. 
by: U.S. Navy 


MEAN 


Month. degrees (see text), 


March 


August 


o 


Totals and means 


this connection, the writer data that were accumulated 
connection with the leading the the water-works 
Christiansted, Virgin been observed Christiansted, 
Kingshill, and Fredericksted, since 1852 the files the 
General Office. The temperatures file the office the Weather 


Bureau coyer period The evaporation has been observed 


Asst. Prof., Hydr. and San. Eng., Lafayette Coll., Easton, Pa. 
Received the Secretary, April 1926. 
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Christiansted from 1919 For this purpose, land pan was constructed 
and placed April, 1919; with the exception June and July, 
1919, the records wind records for 
Christiansted were available. The nearest available are 
for| St. Johns, Antigen, and Basseterre, St. Kilts. Johns, the average 
9.5 .At San Juan, Porto Rico, observations over long period average 
10.6 miles per hour, which probably higher than Christiansted. 


Full years record. 
Total precipitation, inches. 
Evaporation 
ear 


Percentage mean 
Total precipitation, inches 


>> 


Mean 
Temperature 
Degrees Fahrenheit 


Mean Monthly 
Evaporation 
Inches 


4 
Feb. Apr. May June July Aug. Sept. Oct. Nov. 


purpose comparison the writer has used these 


. 
4 p 
83.63 
94.8 
1 1 ie A] . 
biter 


Papers. 


July, 
for 
verage 
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relatively few years ago was available for estimating run-off. 
data became available, various observers suggested methods calculating 
run-off based their own taking into account the information 
published others. With carefully made measurements, such given 
the author, being made public intervals, possible that 
some method estimating more accurately the probable 
given place will suggested. 


nomenon evaporation has engaged the attention scientific investigators 
for long time. Because the relatively ‘small quantity water, meas- 
ured depth, evaporated from open water surface within 
short time, the problem accurately measuring the loss has involved some 
difficulty. Where sufficient time has been given between observations allow 
for measurable loss ‘caused evaporation the influencing have 
not possible. 

The writer has given more less attention study from 
free water surfaces. promote greater degree ‘accuracy 
measuring the depth the same time decreasing the interval 
between observations, has devised special apparatus use which hourly 
readings disclose this loss and accumulate the necessary contributing meteor- 
ological data. The most accurate method determining the loss weigh- 
ing, but when the total weight the mass water involved considerable 
the errors weighing become appreciable render uncertain the 
tion this loss other factors. 

optical evaporimeter (Fig. 12) was perfected determine accurately 
the decrease depth the water surface, and the same time show 
measurable loss within relatively short period. apparatus includes 
cylindrical brass float, long and in. diameter., Reaching from the 
top the float are two short horizontal, parallel arms that extend common 
bar. the under side this bar delicate pivot bearings supported 
rigid concrete pedestal, placed close. the evaporation pan. Attached 
the top the pivot bar, its middle point, small 
speculum mirror. distance about ft. from the mirror high-pow- 
ered telescope, with cross-hairs, mounted concrete pedestal con- 
venient height and focused the image the mirror. scale 
placed approximately ft. from and about ft. higher than the mirror. 
ft. long and graduated accurately 0.1 in. adjusting the mirror 
and telescope proper clear and image the scale divi- 
sions may observed. careful calibration this instrument, the constant 
value seale division difference water surface was 
determined. all observations the was read estimation one-tenth 
the least scale division; 0.01 in. 


} 

{ 

struct 
ig. 


Calibration on, this basis shows varidtions from mean 
constants for the ranging, that, is, 


12) was mounted take air point in. above the water 


bulb was immediately aperture glass tube: ‘small 
pipette was: used moisten the: bulb hole glass tube. 
the glass tube past the thermometers with pressure about 
wet and dry bulb readings, taken through the 
recorded when the minimum temperature bulb 
air and water taken using, thermometers, identical 


water surface point below the bulb the air 
In. taking. the records order was followed First, 
the air and water temperatures were taken second psychrometer 
third, the barometric pressure; and, fourth, optical reading, 
which included the time 0.1 min. later the optical evaporimeter 
was again read and the time noted, the other readings were 
the foregoing order. The mean values water, and vapor temper- 
atures, were determined and assumed for the period 
readings the initial observations for the beginning This 
reading the evaporimeter scale, the time interval necessary 
atory and the other outside under fully exposed conditions 
Within the laboratory the ‘observations ‘were taken 


One facts observed studying the evaporation 
loss, under still air, the maximum during hours 
the morning. to, noted that the rate evaporation bears 
relation the temperatures the the and 
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Fic. EQUIPMENT FOR STILL CONDITION, SHOWING ARRANGEMENT 
OPTICAL EVAPORIMETER, AND AIR AND WATER THERMOMETERS. 
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hours Fic, APPARATUS FOR OBSERVATIONS UNDER FULLY 
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RAISED PERMIT MAKING TEMPERATURE OBSERVATIONS. 


15.—EVAPORATION EQUIPMENT FOR CONTROLLED WIND, WITH AIR Duct LOWERED AND 
ANEMOMETER PLACE, 
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early afternoon September the temperatures are rising while the 
evaporation shows marked reduction. for the fol- 
lowing day. these temperatures rise their difference and they 
fall the difference decreases. The relation, difference vapor 
pressure the minus the vapor pressure of\the dew point, 
according Dalton, variation with the rate evaporation. The 
reciprocal the relative humidity, with the evap- 
oration, but its variation is, through) limited ‘range difference 
vapor pressure. Near September 15, increase appears 
value would agree quite nicely with the general trend the loss during this 
interval. account for this apparent error the evaporimeter reading, the 
original notes for the point observed 11;24 September 15, show scale 
difference 0.24 in. for period min. move this point down the 
mean curve, the difference should have been about 0.20 in. This error 0.04 
in. the scale reading amounts in. the elevation the water 

surface for interval min., 0.0024 in. for period hours. 


and Water 
Degrees Fahrenheit 


3 
2 
© 
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Air minus 
Temp. Water 


Degrees 


4 5 


| 


Reciprocal the Relative Humidity 


Sept. 15, 1925 


Sept. 
The formula the rate evaporation per hours based 
has fully developed, certain minor alterations may 


and Water 
Degrees 


~ 
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Difference Vapor Pressure 


oa 
Temp. Air minus Temp. Water 
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later permit closer the observed rate The computed 
loss Fig: based the formula: 
Fahrenheit. 

vapor presstire water surface minus vapor pressute 

dew point, inches 

Fig. shown series observations taken outside the laboratory 
under fully exposed conditions. The arrangement the apparatus shown 
Fig. 15. Under these conditions the rate evaporation appears 
variance with the general trend obseryed within the laboratory. the 
period 6:00 October 12, 6:00 October 13, the wind, recorded 
standard Robinson anemometer set near the evaporation pan, indicated 


Fahrenheit 
= o 


-o-o- Air Temperature 
Water Temperature 
Air Temp. minus 
Water Temperature 
Observed Evaporation 
we 


Velocity Miles per Hour 


Midnight 13, 1922 Noon Midnight Noon 


17. 
low velocity. During this period the temperatures air and water were 
decreasing, was also the rate evaporation, which contrary the findings 
inside the laboratory under still air conditions; however, both cases the 
rate loss directly proportional the difference vapor pressures. Dur- 
ing the day October 13, there was considerable wind; also for this period 
the rate evaporation was greatly About 10:00 the rate 
wind decreased but the rate evaporation still increased, following the con- 
stantly rising difference would expected, the maxi- 


T 


mum rate evaporation occurred the time maximum temperatures. 
‘The formula applied compute the evaporation loss this case differs some- 
what from: that developed under air conditions that the factor 
for wind introduced. This formula is: 

wind velocity, miles per hour, 

vapor pressure water surface minus pressure 

dew point, inches mercury. 

applying this formula, with the wind factor considered, 

Ariz., mentioned the author, believed that this difference 
may explained part the fact that one station situated desert 
mesa while the other located irrigated alfalfa field. these 
different exposures, thought that the vapor pressures are entirely different, 
‘and, further, that the difference temperatures water and air the two 
‘stations may considerable. The fact that the wind for the Citrus Station 
greater than the Evaporation Station would also cause greater loss 
the former place. lower temperature the pan located the 
would expected because the transpiration effect vegetation 
modifies the air temperatures. 


regarding the coefficients the observations. evaporation from 
pans tanks order deduce the loss from large water surfaces. The varia- 
tions different months for the same pan shown the 
paper indicate that other factors besides the size and condition exposure 
the pan are involved. There need for careful investigations these 
matters. meet such need essential that any investigations ‘care- 
fully planned and carried out and that they extend over sufficiently long 
period furnish more complete checking results than possible with 
available data. Much the present data has been secured for the particular 
needs individual and the experiments are planned for pur- 
pose. More extended study the principles involved, based observations 
the effect variations the different individual factors, 

Opportunities observe evaporation from large water surfaces directly are 
seldom found. Unknown elements, such seepage into out reservoir, 
may material proportion the evaporation loss and sometimes exceed 
such, Surface inflow may occur scattered difficult 
sufficient length the evaporation alone. observed. 


Received the Secretary, April 12, 1926. 
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afforded observe evaporation directly. These are the basins receiving the 
year; (2) the outflow, any, may and ground-water 
conditions are such that seepage inflow and outflow into the lake does not 
occur. Among such lakes are Tulare Lake, Buena Vista Lake, and Lake 
nore. 

Tulare height Lake were begun 1906 
the Geological Pumping from the lake began 1916. Dur- 
ing the intervening period the fluctuations the lake times surface 
inflow show the evaporation loss. 

Tulare shallow depression area maximum stages 
about 200000 receives the surplus flow the Kern, Tule, and 
Kaweah Rivers and part the surplus flow Kings River. The lake bed 
fine, impervious periods small surface inflow the 
lake: becomes entirely dry, with indications ground-water 
it. recently wells the flowed, showing the ground-water 

streams was result inflow the lake, from 1906 have 
been assembled, together with the mean monthly, in, Table 23.* 
nearest which are available, is, Hanford, 
about miles northeast the lake, The Hanford probably 
somewhat higher than the average rainfall the lake area. The temperatures 
may generally similar. 


Mean preci Mean temperature 


now used been built along its eastern ‘side. 
River and Adjacent Streams and Their Utilization.” 


obs 
onl 
Aug 
Now 
Nov 
cor 
let 
cat 
lev 


‘ polis iti iow bay! iy ‘ 


lake 


Lowering lake lowering 


rainfall during period. 

‘The was only few feet depth during these Ground-water 
conditions are similar those Tulare Lake. 

Elsinore receives the surplus run-off 
Jacinto River. periods excessive run-off the lake may overflow; its out- 
let channel tributary the Ana River. The area westerly from 
the lake rises the valley being narrow that side. The 
the surrounding area flat with some low The lake has gone 

The lake bed appears impervious. stated that inflow 
adjacent ground-water was apparent when the lake was dry. There 
cation seepage from the lake, adjacent wells with water below lake 
level showing indication, of, with the salty water the lake, 
use for the lake due its high 

‘December, ‘records elevation have been the 
Geological Survey. These tecords September, 1922, were the writer 
San River Hydrographic Investigation made for 
the basis estimate the evaporation loss. direct record inflow 
was also available. These only part the period 

The inflow, outflow, rainfall, and fluctuations were used with the known 
area and capacity curves the lake estimate the evaporation months 
(Table 25). These are considered include all elements supply and draft. 
The records for different months were generally consistent; some cases 
variations the reading the elevation, due probably rough water 
the time reading, gave inconsistent results between adjacent 

Observations with evaporation were made the 
writer’s direction 1920 Buena Vista Lake, natural depression 

Bulletin California State Dept. ‘Eng. 

For detail results, see Bulletin California State 
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‘In 1920, Buena Vista Lake received little inflow and remained depths 
only few feet. Its area was about 10000 acres. 

Both floating and land pan were installed. These were the used 
the Geelogical Survey, ft. square and ft. The land pan was 
placed about 300 ft. from the edge the lake, and the floating pan from 100 
600 ft. from the shore, being moved with. the fluctuations the lake. Owing 
the flat slopes the lake bed the floating pan was times set exca- 
vated area order that should submerged less than in. from the 
top. The shallowness the surrounding water may have introduced temper- 
ature factors not applicable deeper areas. 


January.. 
March 


cay 


MWIOO AR WOR 


o 


The usual form raft was placed around the floating pan prevent wave 
action. Some washing into the pan occurred June and July; corrections 
were made comparison with the land pan. unexpected source error 
occurred February and March due the use the pan for bathing purposes 
repetition this was prevented placing chicken-wire screens 
above the The results these observations are given Table 26. 


Ratio eva 
Land Floating pan, ration, floatin 


Errors floating-pan record; figures given are estimated. 


fre 
ex 
Month. 
el 


results indicate that for the particular conditions the evaporation 
from the floating pan exceeded that from the land pan the ratio varied 
during the season. These observations probably present illustration the 
which local factors may ‘affect the results rather 
what would expected under more 

give the coefficients for the floating Table 


pan. 


November 


These coefficients may ‘affected local conditions, 
the coefficients for different months, illustrate the uncertainties 
volved applying pan records the evaporation large, water surfaces. 


formed valuable service the profession: and compiling the 
numerous records evaporation presented his paper. These records cover 
wide geographic range, and varied conditions exposure and 
The data have been assembled convenient form for reference. 
Such efforts will advance present deficient knowledge this 

paper does not call for Before entering gen- 
eral however, the writer desires point out that apparently there 
all cases the reported depths evaporation are gross For comparative 
purposes desirable that the evaporation from rainfall caught the pan 
ineluded the monthly totals from water added ‘by the observer. 

vations the record have but local The next most important 
auxiliary record the temperature the water surface. This can easily 
obtained means maximum and thermometer float- 
ing wooden with the bulb just Although not 
paper, assumed that the temperatures reported 
are for the not for the water surface. believed that 
parative record water surface temperatures the two Yuma stations were 
would that the Yuma Evaporation Station 
would much less than the one the Yuma Citrus Station, would thus 
show third important factor not referred the author. Temperatures 
low levels alfalfa field are usually considerably less than the adjacent 
bare ground. 


*Cons. Hydr. Engr., San Francisco, Calif. 
Received the Secretary, May 1926. 
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complete should also air, temperature, 

Controlling process evaporation consists the 
gradual “bombardment” into the atmosphere moving 
molecules which ‘The various factors this process 
its increased, molecular vibration ‘correspondingly 
increased, and more molecules break from, the surface given time 
the degree ‘of saturation the atmosphere ‘immediately adjacent the 
surface decreased, either lowered relative humidity the surrounding 
atmosphere, increased rate wind vapor pressure 
the surface diminished and becomes easier break 
from the surface, and hence more them leave given time (variations 
atmospheric pressure have similar result); finally, the liquid heavily 
charged with mineral substances solution the motion the liquid molecules 
retarded and fewer escape given time. the specific gravity the 
liquid advances such point that occurs and film crust 
forms over the surface, marked decrease the rate 

“In brief, the important factors controlling evaporation are ‘the 
temperatures thé liquid surface ‘and the adjacent atmosphere, the vapor 
and barometric pressure immediately above the the 
gtavity the For ordinary conditions, temperature and vapor pres- 
sure ate the most important: factors, special cases the specific 


such form snow and ice, moist soil crystal surfaces, involve 
conditions with respect: the continued existence the 
liquid body and introduce modifications the this 
process corresponds with that evaporation from free water ‘surface. 

and giving the annual and monthly evaporation selected sta- 
For those who are interested, similar for 8-day periods 
during nearly Independence, Calif.; have been The 
data are assembled diagrammatic form (Plate X), and 
mum daily air temperature, relative humidity 
and average daily wind movement being shown addition evaporation. 
The diagram was the writer from submerged 
oration observations made direction River, California, 
and meteorological observations the Weather Bureau, miles distant 
Independence, Calif. The data show clearly the influence 
cycle, both through its relative humidity. 
Short-period rates evaporation ‘show the temporary effect high wind 


Proceedings, Am. Soc. E., January, 1926, Papers and Discussions, 
Loc. cit., 59. 
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probably negligible. Denver, Mr. Sleight could not detect any variation 
evaporation for range in. the barometer. The maximum ele- 
which reservoirs are constructed seldom exceeds 10000 the 
normal pressure sea level in. and elevation 000 
comparing evaporation from water different altitudes. observed 
differences rates different altitudes, believed, are due 
temperature differences: 

for information; For problems arising the writer’s 
study the The details this study are presented here- 
with. The procedure adopted Two samples water, one dis- 
tilled and the other brine with specific gravity 1.11, taken from Owens 
Lake, California—a lake typical the 
samples ‘were placed circular, flat‘bottomed pans, in. deep and in. 
diameter, and filled the same depth. The pans were left open top, 
immersed for in. their depth heated air bath and placed 
shown 18. found the rate evaporation from Owens Lake 

tilled water when commented specific gravity 
13, Fig. 18). When the crust began’ to’ form was broken 

its bed is’ litied ‘deposits that the’ 
subsurface The ared water surface duting 
period was 58. 173 and ‘of the’ water, 
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average annual depth evaporation from the lake during 
period observation, determined from the hydrographic data, in. 
28)., The observed rate from fresh water River, near Inde- 
there 60.3 in. for the annual loss from 
pared with 60.8 in. determined from the 


or Condition of Experiment 
roken every 24 hours 


distilled Water Percentage 


Specific Gravity Owens Lake Brine 


DISTILLED 


eralized water. should noted, however, that crusting begin 
slightly differing depending the: composition 
the salts solution. 

water supply problems Western involves knowledge evap- 
oration not only from free water surfaces, but also from capillary films sur- 
rounding soil grains, crystals precipitated alkaline ive crystals, 
including snow.. addition, there included, the evaporation from 
moist soil grains modified the transpiration losses the 
surface crusting the accumulation salts precipitated from eyaporat- 
ing from concentrated alkali solutions. 

effect concentrated alkaline salt solutions clayey soils unknown, except 
few soil physicists, and yet the Great Basin region Western Amer- 
ica similar inland basins throughout the world, there are large 
areas moist soils this type some rate evaporation must, 
applied the hydrologist estimating the ground-water this 
tigation will stimulated and ultimately lead useful 


Transactions, Am. Soc. E., Vol. LXXVIII (1915), 177. 
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grains controlled the same factors from free water surfaces. 
Evaporation may place from grains either surface the 
granular body ‘in with the atmosphere, the, upper zone the 
the source replenishment surface flooding, irrigation, 
the film has constant source supply, passes through 
successive stages fatness and leanness and may even entirely. 
Tf, the other hand, the source supply permanent, ground-water table 
capillary. distance the replenished, constantly capillarity and 
suffers variation, the water falls, the event, that 
the. water-table far enough the surface capillary 
limit the upper portions the film might the, material 
directly the rate and total amount evaporation from soil 


lake surface, December 31, 1914, 


Annual depth evaporation. gross, 
Annual depth evaporation, gross, 


conditions widely varying opportunity, either 
for determining humid regions the proportion rainfall 
returned the atmosphere, from or, the atmos- 
known, and discussion, constitute The drainage 
and ground-water problems Western America during the past ten 
vears have led observations ‘from shallow 
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out vegetation, the Sleight give fairly com- 
ft. deep, maintaining permanent water-tables depths 
weighing the tanks. The depth water-table was 
in, observations ran ‘for months. 

‘Owens Valley, California; may noted, Tanks, 7.5 
quantities into covered tanks’ feeding into the 
tanks’ the were continued for years. 

experiments indicated that the rate evaporation was greatest 
soil surfaee and diminished water- table lowered, becom- 
when the water-table fell below capillary They indi- 
from free water surface, such varying for different materials, 
material, for different the water-table and 
seasons the year. The writer’s conclusion; based experience’ 
Owens Valley, modified subsequent work other localities and compre- 
hensive analysis the work other observers, both America and Europe, 
that the evaporation, loss sand less than 
that from free water surface. The ratio for loam soil and fine sand has 
been found 0.83 0:97 different investigators; ordinary 
practice the writer uses 0.90 (Table 29). Mr. Sleight’s work indicates that 
sand and soil. The ratio decreases. for moisture less 
lary limit. the. evaporation the soil and 
the the water-table has determined, the indi- 

greatest importance. Although may reduce direct shading, 
greatly multiplies the evaporating surface often 
creases the loss compared with that from bare soil. Transpiration depends 
the plant species, light, soil moisture available roots, soil texture, min- 
experience and studies indicate that for vegetation which ‘thrives 
With water-table, the rate during the active grow- 
for the annual rate For ordinary uses, 
therefore, ratio maximum loss evaporation’ transpira- 
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tion lies between 0.90 and 1.00. grass Owens Valley the writer 

There have been numerous attempts determine transpiration and evap- 
oration-transpiration losses during the past seventy-five years both Europe 
and America. been extensive, and 
America the field agriculture has been most active. Both Europe and 
America the Engineering Profession been vitally interested from the 
standpoint water supply, little fundamental work has been done. 
hoped that. the recent impetus that Western irrigation and ground- 
water problems have given the subject will practical 
value. The present interest among irrigation the determination 
the so-called “consumptive use” water irrigation, most promising 
field investigation, and with the existence extensive areas irrigated 
land, large-scale measurements covering projects and whole valleys are being 
found produce important the field ground-water hydrology 
this method measurement also coming into general use for determining 
losses from both irrigated and natural vegetation. large-scale deter- 
minations the latter made the writer have given results follows: 
region Owens Valley, California: sq. 

miles natural meadow land and moist soil varying 


from luxuriant fresh-water swamp growth salt-grass 
pasture and bare crusted alkali flats: 


Average annual evaporation from free water ft. 
Annual evaporation-transpiration (observed ft.* 


Rey Valley, San Diego County, California: 
6640 acres moist bottom-land covered with willow 
groves, meadow grass, and with bare moist sand 
along the river channel; 


Average annual evaporation water ft. 

intensive study the consumptive use irrigation being 
made Irrigation Section the Society, and much data 
this subject should available early date. 

The writer not aware any -thorough study the effect surface 
crusting resulting from precipitation but his experience leads 
the belief that material reduction the rate evaporation results from 
such crusting. subject that needs investigation. similar nature 
the effect excessive amount defloeculated colloids. The writer 
has observed soil desert playas moist that footprint the mud would 
fill with brine within few minutes, but from which little any evaporation 
was taking place, even under the great heat summer. There practically 
data available for water losses from such materials. 

Evaporation from Moist Crystal Deposits—There are several saline and 
alkaline deposits the Southwest that are free from mud, the body 
being exposed the atmosphere. Brine occupies the voids the 
crystal, the upper surface the brine during the summer period being 


Transactions, Am. Soc. E., Vol. 204. 
Water Supply Paper 446, Geological Survey, 1919, 105. 
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depth more, the surface, and flooding the surface 
crystals about which little data exist, 
investigation. The writer has conducted some experimental work this sub- 
ject, but ‘the that rate evaporation small, 

studies connection with determination stream run-off. 
although the greatest loss' when the temperature suffi- 
ciently ‘high permit melting. The source water available evap- 
oration ‘is drawn from ‘below but furnished 
the surface. Some experimental work has been done 
recent years, the the Wasatch Mountains east 
Salt Lake City, Utah, results which have been the 

Methods Measurement.—Although general recognition the 
individual factors that control relative importance 
these factors becoming understood, yet, judged the diversity methods 
observation and the observers state the observational 
conditions, there is, not .the practical bearing these 
factors. -As result there has been standardization methods for 
measurement, absence which has resulted much inaccuracy and con- 
believed that much the difficulty could obviated com- 
parable experimental conditions were secured in, making the observations. 
experience find pans, established for the purpose deter- 
the water them has that the surface large body 
\Pans ate sometimes completely surrounded air; they are often 
placed the ground; and; some cases, they are set float anchored 
the surface body water. these “unnatural” positions they are 
exposed all sidés the air and direct sunlight and ate subject abnormal 
increase the heat absorption and radiation effects the 
metal pan. 

The most disconcerting feature these “unnatural” exposures that 
general relation can established that will enable results converted 
into usable example, depth evaporation from water 
land pan set the surface the ground platform may vary from 
10% less greater than that from lake reservoir sur- 
face, depending the local combination meteorological factors and the 
heat-absorptive character the container and its surroundings. The writer 
has observed this range different localities run- 
ning series observations using the Class land pan 
the Weather Bureau and standard submerged floating pans. The con- 


Monthly Weather Review, July, 1917, 363. 
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trolling factor relative with which the and 
the reverse occurs. The latter condition well illustrated, observations 
made the -writer’s. Lake Almanor, California,, 
nights are this, diagram pan, desig- 
the lake the type... result, first 
rience has led to; in, order data obtained the 


Sutter Pan No, 
Sutter Butte 
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ALMANOR, AUGUST OCTOBER, 1924. 


better, floating pans submerged large water, much 
any pan the sides of, which are exposed, has shown that 
the temperature water submerged floating pans that are made light- 
colored metal and kept clean, ordinarily vary more than 
Fahr., the surrounding water. This illustrated Fig. 
presenting the results maximum and minimum for 
with. the bulbs just submerged and the observations represented surface tem- 
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the .wind, closely surtounded by: protecting writer 
has even observed land pans about which the grass has been 
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PAN AND ADJACENT WATER SURFACE, ALMANOR, 

is, ease, with which the, from 
large, compared varies the diameter, while the 
area varies, as, the square diameter. The vapor dissipating horizontally 

These examples are sufficient show that marked 


age 

ons 

the 

for 

ats 


exceeds that fresh water. error considerable magnitude may 
error would result from the use correctly 
observed evaporation rate from fresh water determining losses from min- 
eralized bodies water, such Salton Sea, Salt and vice 
versa. 

the statement that much the confusion and uncertainty which exists 
regarding evaporation rates due failure the fundamental 
factors choosing observational methods. Another cause the absence 
full auxiliary information description the the 
records reported the author, for the description the exposure 
set the into the ground. 

The. first step toward progress, either the 
evaporation for practical use, the general adoption 
standard measurement that will yield reasonably dependable and 
consistent practical application evaporation data, whether for water 
surface, moist soil, crystal bodies, are desired for relatively large areas. 
Investigations have shown that the standard Geological floating 
pan submerged water gives results that closely approximate the actual 
loss from large body water and that for this pan successive observations 
for periods depart less from the mean than for any other measuring 
device use. These considerations, and the fact floating submerged 
type pan seems reproduce most nearly the natural conditions ‘with 
regard factors controlling evaporation, weigh heavily favor the adop- 
tion this method measurement standard for water 

certain localities where strong winds are difficulty 
has been experienced overcoming land tank set 
the ground nearly full depth possible, and near the’ margin the 
water body, believed the best alternative method for use under such 
conditions. the depth nor diameter the tank should less than 
Usually possible obtain satisfactory observations from 
pans for occasional short periods even windy establishing 
both floating pans the continuous record obtained the land 
pan can used basis what the floating pan evaporation 
have been use the factors obtained when records are 
they vary 

pans Fig: observations were made under the 
direction Lake Almanor, near The land pan 
that the top rim was almost flush with the surface.’ The differences 
depth evaporation observed the two pans correspond with the 
from the land pan was about 15% greater than from 
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October the practically the The writer’s experience has been 
that for the full annual the land 
set the ground and the submerged floating pan, but that during the summer 
the necessary, therefore, obtain factors intervals through- 
out the annual order get complete records. 


Float 
Land 


Temperature 


PRECIPITATION, AND EVAPORATION FROM PRATTVILLE FLOATING AND LAND 


‘The, measurement evaporation from soil and the evaporation-transpira- 
tion loss from cultivated natural vegetation more need 
standardization even than that evaporation from water surfaces. 
engineers such data should obtained ‘by uniform methods and 
large free water surface measured the submerged floating-pan method 
data believed that either the land or’ floating pan 
would satisfactory for measuring water evaporation. view the wider 
availability pan records believed that this form apparatus 
preferable, although for shorter periods tank may more desir- 

moist soil ‘and close growing vegetation, such grass, the loss may 
determined soil For other types low growing 
vegetation, such shrubs and trees, the potometer used. case 
perennial plants and the dry leaves are weighed, while atinuals are cut 
the weight dry matter produced water absorbed then 
great deal similar data have been observed soil physicists and agricul- 
and forestry Such data give relative values for various 
types vegetation but must obtain depth 
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water over covered For this purpose weight 
stripped, weighed. probable that transpiration same 
variety plant differs 'to ithe state 
that the water proportionally the 
free water surface. this true, the water requirement one 
tion from the free water surface followed. this 
method several instances when ‘evaporation losses 
valleys containing natural trees different types, using the results 
rived reasonable results. 

serious difficulties, and may produce results from grossly 
either plots, projects, valleys, more dependable, physical con- 
ditions are favorable for and more and more into use. 

study evaporation should not confined free 
but should extended capillary films surrounding soil grains, 


alkali salts and with soils the process 


authoritative adoption the various types 
evaporation. believed that the activities the Irrigation Section 


the Society the investigation subject evaporation well 


and interesting much, valuable data on, evaporation 


from pans installed United States Reclamation 


It.is hoped that the not too records losses 


tion may available more on, the American Continent. 


Not only the Engineering Profession but the, public 
knowledge the application data large bodies of, water. also 
any relevant formula can only toward increased in, estimating 


year, particularly subject ice conditions winter 


Alberta, Canada, 
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installing and operating it. 

tions, to, obtain, data that would enable him seepage 
evaporation losses occurring the ‘Lake oir Eastern 
Section the Canadian Pacific Railway Company’ Block, 

the equipment used.; Since engineers 
independent, periodic measurements the discharges 

the writer’s opinion floating pans present fairly 
who attempt secure Waves, water fowl, water 
rats, and other adverse agencies destroy 

uncultivated, rolling prairie land. Its approximate location 100: miles 
diverting aggregate 1280 cu. Daily discharges the 
are obtained from the continuous records Steven’s ‘recorders. 
Its stage above the full the outflowing canals from 
Elevation Elevation and available storage 000 
full supply maximum water depth ‘about lower 
portion the storage not being available. Corresponding 

then two land pans have been continually ‘during 
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pan was set the north shore Lake Newell approximately ft. 
back from the foreshore height above the lake surface varying from 
ft., according the lake elevation. this point was miles south 
the project headquarters Brooks was seldom. observations could 
taken more frequently ‘than once week until when an. observer 
refilling. 

was installed ft. from the shore reservoir Govering about 
immediate vicinity the water surface about ft. 
below the full supply level Lake Newell and 500 ft. wide front the 
land pan. The exposure and topographical both cor- 
responded closely 1919, but since then the area around Brooks 
under cultivation and ‘with thousands vigorous 
prevalent winds aré from the northwest and southwest ‘and 
the parkland lies the northeast across the reservoir from pans, 
doubtful whether the trees have appreciable the records. 

this latter body, centrally located ft. water, floating pan, 
in. deep and ft. diameter, was suspended the water from raft 
point approximately 300 the land pan. 

Both land pans made from No. gauge, 
diameter and in. (Canadian Government standards). Wells for 
the pans were cut the soil in. deep and 4.0 ft. wooden 
post in. square was driven into the center the bottom leaving slightly 
more than projecting, which the bottoms the pans had 
prevent Two breathers with openings in. square! were 
embedded opposite sides the pans for the ‘free 


air through beneath the pans. This arrange- 


Water the pans was set level, about below the This 
were placed above the ground and ft. from the pans. Both were 


was placed the pan with the above 


were placed within. The was maintained 
rounding the The in, were deemed necessary to: prevent 


‘sloshing during light from this floating ft. square, 


parable, pan with pans floated from raft 


few feet from the square pan the summer 


outside. The record showed that the amount evaporated from the 
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smaller was'1% greater that from the square 
pan was then discontinued. 

Gauge readings were made once twice daily for land pan Brooks 
Reservoir. Accurate readings the floating pans could only 
made during calm pans were The water the 
pans jenough prevent mossy formations but silt 
thought that coating approached bed Little 
records were destroyed rendered All doubtful 
ords discarded miade interpolate the daily 
for lost doubtful records extending over two days. 
Since 1922 the average fluctuation water level the land pan Lake 
Newell has not exceeded 

noteworthy that the records the. average 
rate evaporation from floating pan greater than that land pan, 
while the Reclamation show the reverse 
and the method installing the land pans. 

the aggregate. these records have yielded following 

diameter soil 80% the loss from similar from 

3.—The loss from land pan installed the windward side the 40-acre 
reservoir near cropped and irrigated areas varied from 101% 
95%) the loss from similar pan, similarly installed, the side 
prairie. 


Mr. Houk gives brief summary the more important the 
investigations the Reclamation Bureau date, The following 
relations are extracted from this 

ground with earth banked around the sides, was found only 72% the 


the: with earth around the 


found the evaporation similar pan land.” 
that this, Class floating and the Canadian. 


Ts. 

ft. 

ft. 
r- 
1- 


the Class floating pan. 

Brooks gives loss 80% the similar floating 
square land pan and the from the Olass 
evaporation. However, considering the conditions which: 
was necessary operate was not’ deemed advisable maintain the water 

relative humidity and .at the Lake Newell 
Reservoirs: the larger body water Lake Newell 
the land: Lake Newell was the leeward that 
land pan, at, Brooks, which was windward side, per cent. 


period 108% the total water from the reservoir due 
causes, study Table will, show, that the seepage loss other 
than that measured the pan, taken the season. only 
evidence for seasons when storage has area. not 
previously ‘saturated ‘was flooded. The figures given for run-off under 
balaneing factors the’ excessive evaporation loss not 
tributary drainage basin: will further observed that the land- 
widely for different seasons also still 
pans ‘that will with some accuracy the 
quantity water lost from this reservoir adjacent 
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Table 35; weight should given :to the various the 
would value this direction. 


Pan 


31. 
1922 June 
17, 
1928 July 
18. 
1924 June 
October 
Floating pan 
pen 


1921 May 15- 


1920 June 


1919 May 
September 30.. 


Floating pan used from 1919 1922 was ft. square and from 
1925 was ft. diameter and in. deep. 


TABLE EVAPORATION OBSERVED FROM 


LAKE 


Brooks pan the windward side the reservoir near young 
park land and area under cultivation and irrigation. Lake Newell land the 

That loss seepage from this particular reservoir indeed small 
reservoir surface and from adjacent areas doubtless introduces 


from 
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hich 
1.11 
1919 2.549 
her 2.200 0.90 
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extent evaporation from the surface ice and may for 
the losses here given Condensation from the atmosphere 


Lake NEWELL Wind. 


miles 


Maxi- 
monthly.| 


Ice conditions 
“ 


7.61 
5.10 


Ice ions 


Temperatures and precipitation are complete for 7-year 1919 1925, 
sive. Anemometer records cover years 1923, 1924, and 1925. 


Average for last days. 
Average for first days. 


FROM Pan. 


(Depths are given inches. 


1920 May 
October 16. 
1921 May 
October 31. 
1922 May 
October 11. 
May 9to 
October 31. 
May 
October 
May 
September 30. 


1919 May 
October 


January, and February, and while they reason 
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the records from the floating pan used this project are 
with the records obtained floating pan used the 


Reclamation Bureau appears that the evaporation loss measured the 


Canadian type land actual reservoir loss than 
does the loss from the land the paper. 

this discussion and Tables. to.35, abridged form, effort has 
made out some: important factors that affect the-records 
evaporation from pans. relation that these records have 
the loss from large reservoir shown Table 35.° 


Am. Soc. (by letter) author has pre- 
sented valuable record evaporation standard methods 
the various projects the Reclamation Service America. The 
importance because cycles drought great seven years succession are 
recorded, which call for large storage’ over from years 
flood. For instance, the Henshaw Reservoir Diego County, Cali- 
fornia, built capacity 164000 acre-ft., and the net safe yield there- 
from taken only 24000 acre-ft. With evaporation ranging from 
ft. and hold-overs ‘for the impounded water 
evaporation likely from 50% the total. much dif- 
ference opinion the part competent what ratio exists 
between the loss from pans and from large difficult 
determine, not only because the variation the evaporation from year 
year, but the results obtained from the relatively small shifting the 
location which the pan records are kept. Variations 
and 20% within miles have been noted practically the same 


elevation. difficult determine the evaporation from large reservoir 


surfaces because the fluctuations inflow and, withdrawals. -The informa- 
tion which has been compiled consistent, not 
erroneous. important, however, for the water supply engineer form 
judgment intelligent possible this relation. The Edwin 
Duryea and Haehl, Members, Am. Soe. brought dis- 


cussion this subject and widely different opinions were expressed. Since 
that time: the writer has been data lake 
reservoir California there little summer rain, and pos- 
sible find places where the run-offs into the lakes during the summer months 
are negligible and where the outflows are either nothing measured 
with accuracy. has been the writer’s intention present these data ina 
paper ‘the Society. However, the author’s collection evapora- 


submitted, 
Evaporation Losses Water —In the Messrs. 


Duryea and Haehl, previously mentioned, conclusions are drawn the effect 


Cons. Engr., Los Calif. 
Received the Secretary, May 17, 1926. 


Study Depth Annual Evaporation from Lake Conchos, Transac- 
tions, Am. Soc. E., Vol. LXXX (1916), 1829. 
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that the rate evaporation from large water was ‘lower 
than that from floating standard evaporation’ ‘the 
ft. square, floating the surface: and state 

the following statement 


careful consideration all factors mentioned, the curve (Fig. 
which ‘approaching the horizontal for the large the 
following 
Evaporation figures from tanks feet greater depth, 
circular, set the ground that but narrow metal not over 
wide projects above the ground and which water kept approximately 
the level, are most applicable for large 
surfaces under. the same conditions wind, air 
relative humidity multiplying the depth from 

feet 


Tulare Lake, the San Joaquin Valley, ‘California, basin into 
these pumping have been increased for the 
marginal lands. were periods, however, 1916, the only 
fluctuation the lake was evaporation. The lake with- 
out outlet, except when abnormally’ high, and has since 


ant 


rable 
the 
than 
has 
‘ 


under conditions air, and general exposure very 
period from November, 1881, 1885, from pan float- 
ing Kings River; and from “pan air”. 
together with the evaporation figures computed for Tulare 
The data for the Kingsburg Station. were originally published, by, the 
California State Engineer, William Hammond Hall, Am. E,, 
1886 under the title, “Physical Data and California. 


September 
October ... 
November. 
December 


The floating pan near Kingsburg was ft. square and ft. deep: The 
pans used making the observations open ground Kingsburg were ft. 
square and in. deep. The water surface was maintained about in. below 
the rim the the river, the were protected from 
for this purpose was large wooden frame, into which the pan was fitted 
float horizontally, but was not protected from movement the 
air. The water level the pan was kept uniform height making daily 
additions, measurement, into during the summer months. Daily rec- 
ords the temperatures the air and the were kept. 

set into the ground banked around its sides the elevation the 
water it, with its full surface exposed the sun and wind., During, the 
first months, from November, 1881, 1882, inclusive, this 

Kings River flows from the western slope the high Sierra Nevada range, 
which culminates crest having elevation from 14,000 
The river fed mostly from melting snows. The distance from the 
Kingsburg approximately The elevation Kingsburg 297 ft. 
The riyer waters Kingsburg, therefore, are cold, especially during the 
period melting snow. After July the river low stage and the water 
relatively warmer. The low temperature the river water would reduce 
rate compared with warmer water, The water in. the 

“pan air” would warm. 

Tulare Lake receives its water from Kings, Tule, and Kern 
All these rivers increase flow the spring and early summer, due 
the melting snows, culminating discharge about June and July.1 


low 
Tea 
cha 
pri 
the 
int 
Month. 1906. 1915. Mean. use 
pal 
Jan 
Fet 
Jur 
Jul 
st 
‘ 


Papers.] EVAPORATION PROJECTS 1213 


reaching low stages which usually are maintained such until 
low summer flow these rivers diverted for irrigation before 
reaching the lake, only during periods that the streams dis- 
charge into it. direct measurements these discharges into the lake 
prior are available, that determination the evaporation from 
the lake surface has periods during which there inflow 
into it, level the lake below its Hydrographs 
rivers indicate: low flow periods to, extend from December. 
the records precipitation Hanford, 37), the point nearest 
the lake for which. records These been 
variation the rainfall the lake from Hanford, will: little 
effect the level the lake. The seepage into the lake from surrounding 
negligible. either seepage water water entered the lake 
during the periods for which comparisons are being made between lake and 
pan evaporation, would the indicated evaporation from the lake 
surface, and adjustment were made such hypothesis, would empha- 
size the general conclusions presented Table 38. 


0.62 0.29 1.05 0.24 0.58 1.52 0.78 0.11 


= 


‘The mean annual rainfall the neighborhood the lake about 
nearly all which occurs the There are 
storms September, October, and rise the lake Novem- 
ber, 1912, over the October levels, October 

Tulare Lake broad and shallow the period this study, 
ranged from area 103000 198 000 depth. varied from 
the San Joaquin Valley are high and practically the 
Tulare Lake those Kingsburg where the pans weré made. 
bed and shores are clay. little water lost 
seepage into soil would return from soil when lake levels 

the Geological Survey gauging station thereon. 
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the same time the pans and the Tulare 


ik 


0.787 144 


io 
the surface the lake was 112% that from the floating pan the river 
and 95% that from the “pan Kingsburg: The evaporation from 
the “pan air” Kingsburg was 118% that from the pan the river 
The lake was warmer, than river which 
study* the County, with part ticular 
reference to, their Buena, Lake which lare 
bed lake and, the shallowness the water during the season, 
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evaporation from the floating pan given the land 
from the floating the actual lowering the water, surface 


TABLE 39. FROM FLOATING PAN 


Month. Buena Vista Lake, due from floating 


full ‘year that the’ estimated actual from the 


ard pan, square and in. water the pan was within 
southern exposure the sun the whole day. The pan was protected 
sereen 2-in. wire. This was west end Lake Hodges. 
wind rom the west over the pan from 
miles long, about 000 ft. the general direction these pre- 
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per year and that the lake evaporation was 2.0 
follows: this portion the San Joaquin Valley the 
total evaporation for shallow about ft. per year.” 

rom 
lare 
the 
The 
on,” 
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vailing westerly winds. evaporation from standard pan the ground 
the dam: prevailing winds probably some moisture from 
the lake before reaching the less evaporation: 

little rainfall during ‘months the observation period, but 
resulting run-off shown the daily gauge’ readings the reservoir. 
This rainfall was lake ‘well’ ‘the’ pan’ evaporation 
record. There were withdrawals from the the period com- 

west end the lake. This considered approximately the true relationship 
existing between the evaporation and the pan. The Hodges 
was filled 1919, has few marginal swamps. The 
observer Lake Hodges was experienced engineer. 

Comparative Evaporation Cuyamaca Reservoir 
San Diego County, California, miles from the sea, near 
the Coast Range, elevation 600 ft. 

These pan records were obtained from standard pan ft. square, in. 
deep, the water being kept within in. the rim. For November, 1916, and 
January, 1919, the pan was floating the water the deep section the lake 
near the dam, and was protected from wave motion log 
ber, 1921, and June, 1922, the was buried, flush with ground the 
hillside north the lake, fully exposed the sunshine wind movement, 
except for 2-in. mesh screen. 

these four months was 115% that from the which 17% higher, than 
the corresponding figures Lake Hodges. may, due the rapid sum- 
mer plant growth the large marginal swamp area Cuyamaca The 
evaporation figures from the lake for une, 1922, were in. more than those 
from the pan, The lake mean depth only ft. and becomes 
warm during the months. screen covering the, may have 
somewhat reduced therefrom. The movement over, the 
Cuyamaca practically the same that over the lake. During the 
summer months the water temperature Cuyamaca Lake Fahr. 
the surface and 70° Fahr. the bottom, compared with 71° Fahr. the 
surface Lake Hodges and 55° Fahr. on, the With, due allowances 
for the plant growth and the the pan, the evaporation from the 
surface Cuyamaca Lake probably much same that from 
the pan. 

The evaporation standard pan set, the ground Cuyamaca 
Lake and observed from 1914 1917, inclusive, was in, per year. 
floating pan, from 1914 1921, inclusive, was 66. in. per year, 
evaporation from the lake surface expanded fragmentary, records, 
taken during the dry season of, little run-off during two was the 
rate 57.6 in. per year. Based these data, the lake surface was 
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86% that the floating pan. Table shows the for 


rt 


about ft. above lake surface and near spillway.opening; where wind movement 


1) 


evaporation, Pan ‘eva 


Lake evaporation 96% pan, 


Evaporation from Upper Otay and Otay Reservoirs Compared.— 
the water surface the Upper Otay ‘Reservoir San 
Diego County, evaporation obseryed from floating pans ft. 
square, the Lower Otay Reservoir. The Otay miles 
southeast San Diego, and about ft. above sea and approxi- 
mately mile long and wide. The area small with steep 
rocky sides. The reservoir area 160 acres and average depth 
20.7 ft. and withdrawals from. are comparatively 
quent, Mr, Whitney shows that during the three months, October 
ber, 1915, inclusive, the evaporation from the water this reservoir 
was 87% that from the floating 
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probable mean annual evaporation from the 
62.3 in., which greater than the pan records Sweetwater only miles dis- 

the comparative evaporation from pan floating the Mesa 
Reservoir San Diego that the Otay Reservoir 
nor received accessions during the period January, 1913, December, 1915. 
The was observed Dam about miles the west 
the Upper Otay. After making corrections and expanding the record Mr. 
Lee concludes that the evaporation from the Otay Reservoir was 
that shown floating in’ Mesa. Reservoir. 

Evaporation from Sweetwater Reservoir.—The the 
Sweetwater Reservoir for the period, 1889 1894, inclusive,. 
for years standard pan, averaging 58.71 in. and, subsequently, for 
years with Pische evaporimeter which showed yearly loss only 

Mr. John Couvert, Engineer for the Sweetwater System, computed the 
gross evaporation ‘of the Reservoir from 1910 1914, 
Based his meter readings, Post, Assoc. Am. Soc. E., found 
that the evaporation losses from the water surface amounted 56.98 in., indi- 
cating that from this readings the loss from the reservoir surface 
San Diego, elevation about 250 ft. 

Lake Elsinore Evaporation.—Lake Elsinore, which and. large, 

inland valley where summer temperatures are relatively high. The 
bottom the lake 218 ft. above sea level, and the lake overflows Elevation 
1261 when its area 5500 acres. The water quite saline except during 
overflow. The floods San into the lake, and 
overflows high stages through outlet the Town Elsinore. 
rare occasions the lake entirely dry, but was ‘high during 1916, and over- 
flowed. 
for, the San Diego County Water Company, the Engi- 

‘The lake quite extensive areas, flat which, pos- 
pumping from, these marginal areas, the water being spread 
the surface the opinion engineers ‘the, California 
State Division Water Rights ground- from 
the result comparative measurements between the 


Water Supply Paper 436, Geological 
Water Supply Paper 81, Geological Survey, 344. 
Transactions, Am. B., Vol. LXXX (1916), 
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lake surface and -the evaporation pan for months during the summer 
1916 shows that the loss from the surface 84% that from the 
pan. (See Table 41.) During this and outflow from the 
lake were known and the corrections made therefor given the table. 


TABLE 


Evaporation from Evaporation from 


88.98 


Professor Harding has written which has presented 
the estimated gross evaporation the San 
Jacinto River into the lake and the outflow the measured, to- 
gether with the rainfall, and, deduction, the evaporation 
from the lake surface shown Table determined. Professor Harding 


ered reaching ‘the local ground water, direct inflow the being 
and 


Again, stated: 


“The are the evaporation from Lake 
Elsinore since 1916 computed. This has been Table 17. The 
fluctuation Jake for each month caused evaporation, direct rain- 
fall and depth -of inflow outflow: The ‘records inflow outflow, with 
the area and capacity the lake, enable the depth inflow outflow 
computed, not accounted for items been con- 
sidered represent evaporation”. 


Professor estimates the the Elsinore 
Lake for the months, May September, inclusive, average 2.7 ft. for 
period six years. (See Table 42.) Mr. Post, during one season 
found the loss from floating pan, Table 41, for these months 
3.25 ft. this basis comparison the lake surface loss was 83% that 

observations has pan was floated the surface Owens 


*“San Jacinto River 1922,” Div. Water Rights, State 
California, 
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River miles ‘north The water this river during high 
stages comes melting snows the adjacent high Sierras and during 
the late water from irrigation, Owens 
Lake broad, and has outlet. The wind movement 
this region was measured and the fluctuations the 
surface the lake Mr. Lee finds the the 
pan and the to: within per cent. the Kings 
River, the -the probably-was much cooler than that 
the lake, which may cause-the rate the pan floating the 

the available, writer believes that- the loss 
under similar conditions of-exposure, the depending the general 
character the reservoir lake, probably amounting to’ 95% that 
from standard floating pan. similarly exposed, subject requires 
much further information and When remembered how ‘uncertain 
prospective dry years, would appear would lead 
the acceptance floating pan evaporation records without deter- 
mining the evaporation losses from lake water surfaces. 
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perfect working model what can accomplished the building sub- 
aqueous tunnel and demonstrates that trench under water can be. dug suc- 
cessfully and that the pressure against the sides the trench has great 
value holding its banks even adjacent important structures the shore. 
The west shaft the right alongside sewer concrete 
retaining holding several thousands tons coal and within about 
ft. important buildings the Brooklyn Gas Company. There 
disturbance whatever these structures, although this shaft was 
way braced, the cantilever. value the master 

The operation sinking such tunnel, bulkheading sinking 
either with permanent temporary shaft fastened the ends, provides 
control that absolute and perfect. The buoyancy the having 
been. neutralized sinking was regulated water 
enter each shaft, through valves for that purpose; one the 
top each shaft could control the speed the tunnel 
perfectly level the regulation the valves. should there 
any slip hitch the operation, pumping the water out the shaft the 
tunnel can raised the surface, again. 

the size the intake valves. This particular tunnel, with only yalves, 

vastly more desirable proportionally than single track. tunnels 
the gain nearly multiplies the Again, work 
where the necessary air plant and its operation in, relation. 
the value the project, there would adyantage method 
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Am. Soc. common with the other 
engineers who have discussed this paper the speaker has often considered the 
possible adaptation the method used this pipe tunnel deep river cross- 
ings and canal crossings adjacent New York well con- 
struction with the tunnel built several 

recognized the future. The difficulty making land connections where the 
deep tunnel section proper ‘be continuing the tubes 
inshore the approach grades, until point reached where the depth 
portal cut may assumed economically open braced excavation. 

This again illustrates the advantage the open trench method, that 
the tunnel may built very near grade the navigation clear- 
ance. The elevations the portal shafts, thus brought minimum depth, 
result less grade overcome the approaches, with consequent 
lessening the disturbance property and streets, _of prime 

The sinking the structural tube the Gowanus Tunnel was under 
perfect control watering the shafts; after the air upper 
near the roof, the tube sank symmetrically each shaft, averaging 
about in, per min. The sinking was halted about ft, above the bottom 
the trench for final alignment. There appears reason why the 
operation should not duplicated from shaft shaft proper bulkheading. 
account the perfect control over sinking operation, may 
made adjoining sections any the various devices used the St. 
Tunnel, the Harlem River Tunnel, other means 
which may improvised from gained with particular 
undertaking. 

many river crossings, particularly the ‘New York 
Metropolitan District, draw-bridges are becoming navi- 
gation and highway needs even the present ‘day. these districts much 
the marsh land unused, rapidly being developed, each dock and 
terminal adding the commerce the streams, while the immense increase 
renders the frequent opening the draw-bridges menace both. Judging 
from present progress, the time not far distant when these interferences will 
unquestionably prove most drawback the growing navigation 
needs; the new highways may not able function permit the 
intensive use estimated meet their great cost the States, and’ the 
may fail satisfy the demands the quick suburban service required. 

steel section, built and sunk into submerged trench 
built for it, offers least one method that should henceforth receive the 


serious consideration engineers means some these 


menaces from important navigable streams. 
was for this purpose that the speaker collaboration 
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gation, State New Jersey, has submitted this plan for proposed 
the Hackensack and Passaic Rivers built trench, 
plans used the Gowanus Tunnel. These similar tunnels 
are designed take the place two proposed new 
where the conditions the present time create serious: handicap 
proper navigation and highway 


| <— Sketch of Bridge to show 
heights and clearence only 


holding the deep: trenches, driven from ft. 
about low water that the top line submerged sheet-piling 
shall permanent position below the requirements 

this tunnel not sheet-piles but the heavy (the 

were placed ft. apart for support against lateral earth 
pressure the sides the submerged trench) were driven well down the 
aid hammer, jet, and follower hard sand 

excavation made open cut. This was considered but 
the danger the surrounding docks and ‘structures. 

The excavation was further the remains each 
streani old cribwork logs and rock. the districts 
where tunnels may required, and notably 
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underlaid with good sand. Therefore, first trench 
excavated most cheaply pumping, using the material the 
adjacent marsh lands make them usable and 


Mean Low Water 


Sheet Piling for 
Submerged Trench S 
2nd Step Piles 
Step Excavate submerged 
2 trench between sheet piles 
Step Sink Structural 
Tunnel into prepared 
trench under water 


Master Pile 


Third.—The structural steel section built above ground under the most 
favorable was tested after launching and found 
suffered distortion and have leaks. 

Before being submerged practically three-quarters the 
reinforced concrete interior shell was placed. The tube then floated with 
exposure about in., except for the shafts which were built high enough 
give free-board above the level high water when had been sunk place. 
All this work was accomplished while the tube was the preparatory and 
trench, the other hand the Passaic and Hackensack 
Tunnels, other similar tunnels, could constructed the open; longi- 
tudinally along the river banks, side launching ways. 

The tentative section for these tunnels (Fig. 15) approximates the oval 
Gowanus Section, The section, for the four. traffic lines shown could modi- 
fied approach more nearly rectangular form, similar large scows and 
railroad The longitudinal trusses between roadways offer oppor- 
tunity for study the development longer sections. between shafts before 
launching, even combination one intermediate and two end shafts, 
which would still the length short compared with moderate sized 
Lengthening the sections before launching would measurably decrease 
the cost, account the lesser number under-water 
made, the joints. 

caused comparatively rapid and free movement down the ways the 
only control being tackle attached intervals. 

For future built this principle easy conceive 
longer units, planning the launching ways flatter slope, 
slope whereby the tube would pulled down ways from the’ front, 
pushed down jacks the rear. 
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excellent general appearance that may obtained with the 
simple steel shell, and reinforced concrete lining. With ordinary rubbing and 


painting after the removal the forms, the interior presents the appearance 


well-lighted, white enameled room. The spiral stairs each shaft, easy 
walkways for inspection, ample room for handling pipe, and for work, case 
renewal repair, together with moisture, all’ inidicate what 
purposes. 

The speaker having the actual construction desires 
compliment the author and his engineering force and the contractors who 
successfully met every 


and the manner which was constructed meet with the speaker’s entire 
approval. What said regard the earth pressures ‘the bottom the 
excavation corresponds with similar éxperience with the ground around the 
foundation piles under piers the Wisconsin River Bridge the Chicago, 
Burlington, and Railway Company, Prairie Chien, Wis. 

was necessary saw off the piles about ft. below the bed the river. 
The sand surrounding the piles within the area the foundations was removed 
sand pump. ‘The sides the excavation stood practically and 
remained undisturbed while the piles were being sawed off and the floating 
caissons containing the concrete bottom the piers sunk place, show- 
ing that lateral existed the ground. 

Referring Mr. Thomson’s the “floating” the 
Hudson River tunnels, was the experience there 
was also free from lateral pressures. This was shown the that the 
clay ‘of which the bed the Hudson took’ year close 
finally around the tunnels, with the air pressure the during 
which balanced the water pressure and the free move Was 
any lateral pressure. 

The ‘floating the nothing more the compressive 
the water the river the mass ‘clay resting about 
200 ft. below the bottom the tunnels.’ This was measured means 
steel rod extending through the tunnel bottom and fastened the rock, which 
showed that the tunnels moved and down about in. between high and low 
movement was continuously recorded means clock mech- 
anism with pointer which gave continuous considerably magnified, 
for hours. The bed the river was shown elastic and sensitive 
the varying pressures water that was possible determine the 
actual rise and fall the tide each day from the movement the tunhel. 
interesting fact shows how stable the undisturbed clay the bed the Hudson 
River really and its reliability for carrying loads without settlement when 
they are properly limited the ordinary practice for that kind ground. 


Pres, and Chf. Engr., O’Rourke Constr: Co:; Cons. Engr., New 
Proceedings, Am. Soc. May, 1926, Papers Discussions, 1020. 
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RESTRAINED AND, CONTINUOUS 


Discussion* 


t 


dead, load concerned. to, the loads, the method not differ 
much, from that, fixed ‘points. loaded the conju- 
“gate points fall into the beam and are called fixed points, 

The has developed which allows the use 
can made for every possible case, matter how spans there 
whether are equal not, whether the moments vary 
span. This would seem because. the cases 
‘be covered are innumerable. 

writer’s method based on. the fact that every multiple-span con- 
‘separately. for instance, Span 95. 

two moments, and over the supports loaded, span, are 
found, the moment diagram, determined inside outside 
side the loaded span the moments spread through, the farther fixed 
successive spans. determine these two moments task. 
Instead determining them consider Figs. and 

for the case when, In, other Span loaded 
span the beam, in, both cases the same moment diagram for 
will This may shown follows: The problem 
reduced once recognizing that the of; and 
(reactions Supports and must, pass through is, the 
paper the moments. the fixed points are loads 
(certainly, the loads the span which the fixed points. belong 


continued from April, 1926, Proceedings. 
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and the resultant, Therefore, only four reactions 
the resultant and Rp. Hence, the problem the n-span beam 
reduced that 3-span beam. 


gons for the reactions acting the vertical dotted lines, may noted that 
the first and last rays are horizontal, which shows easily the resultants 

The foregoing statements that for every span there may sub- 
stituted beam. The middle span, this 3-span beam 
identical the loaded the outside sup- 
ther fixed points the neighboring spans. there only one neighboring 
span loaded,span, that is, side span loaded, there 2-span 
beam. 

cerned there are but and since these 
prepare tables for them. 
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The 8-span beams may studied, with respect: their fixed 
compute Fig. 98, two relations are is: given the 


Not ote that Span loaded loaded span has fixed points). 


The second relation given the geometry Fig. 98: 
From Equations (96) and (97), 
i= +1) pieces ccc 
1 + U 


m 


remembered from the fact that multiple-span continuous beam, already 
(restrained beams), 
beams. Fig. load Span middle span) with the load unity. 
For this case according the Theorem Three Moments: 


determine the fixed analytically for any beams, see (106) 
Strassner, 


(+) 
Fic. 
? 
or, 
j 


Introducing the two relations: 


Uy 

and correspondingly, 


99. 


Equations (103) and (104) become, 


Dividing Equation (107) Equation (108) and taking, 
then, 
or, 
From Fig. 99, 


The writer did not want exploit the geometrical meaning Equations (105) and 


Lpers, 
the 
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102) 
103) 
104) 


MOMENTS IN, CONTINUOUS BEAMS 


that, 


3¥,— (1 + a) 
soon and are known, the problem statically determinate and 


the middle reactions, points, Fig. 99—these reactions are like- 
wise termed and R), are: 


tabulating (111), (114), (116), the designer can 
determine the influence lines for A;, A;, All the designer has 
the fixed points the multiple-span beam; (2) the fixed 


the tabulations will give the corresponding and knowing 
these four influence lines the designer can answer every possible question rela- 
tive the n-span beam. This will shown later definite problem. 

the fixed points the 3-span beam are not identical with the 
fixed points the n-span beam. course, because 
the fixed points the 3-span beam, which are points the 
n-span beam, play important and beautiful will 

For the 2-span beams the loaded and the unloaded span 

The middle reaction called that for loaded span, A,, and for the 
unloaded span, A,. The secondary fixed point the loaded span deter- 
mined the formula: 


then, 


Pape 


1232 
fixe 
and 


These equations will expressed tabular form. 


fixed The writer ‘determined the fixed points analytically 
and used the graphic construction Consider first the case when 
loaded. The equivalent Fig. 100. The spans 


determine the ‘secondary point, 


6.832 
d; 


For 0,174, the values are given Table 33. 


113) 
and 
—] 
ais 
5 
an u 


and 4.714 100). means left, middle, and right. 

The secondary fixed points may then found follows: falls into 
the fixed point multiple-span beam preceded both cases 

2,189; 

and, 

For the values-are Table 34. 


0.985 


TABLE ror 0.985. 


0.1 0.2 0.8 0.4 0.5 0.6 0.7 0.8 0.9 1.00 


0.390 


6.811; 
The secondary fixed points are then, 
3+2 


(identical with the fixed point the 4-span) 1.286 


For 0.885, the values are given Table 


loaded, the spans the equivalent 2-span beam are: 4.913, 
and 


The secondary fixed point is, 


. 
1.138 
1.286 
# 
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TABLE FOR 0.201. 


A, 


0.049 0.000 
0.497 1.000 
0.448 1.000 


For the sake convenience the writer tabulated and for the 
3-span beams and for the 2-span beams. values are needed for 
the determination the moments inside the loaded span. The values, 


the point application the resultant and A,, and measured 


scaled from the loaded span. distances may 

For the inside spans the multiple-span there are two curves, 


into 
1.00 
0.000 
0.000 
0.000 
1.000 
0.000 
1.000 
913, 
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upper curve which has been developed multiplying 4.714. 


The vertical distances between lower and curves show beams 
the left reaction which and the right reaction, For every 
position the load there simple beam; The position the load these 
simple beams shown the straight line drawn degrees. These simple 
beams change their positions and their lengths. 


the left end this beam Point the load moves, 
the the left end the beam (point application the, resultant 
forces, and moving the right too. the load arrives 
Point this case, Tables and show the value, 


Without using higher mathematics, can shown statically that this 


beam loaded), or, ords, when the load arrives the right 
middle\support the equivalent 3-span beam the point application the 
resultant the two left reactions, and the left fixed point the 
equivalent beam (secondary fixed point the beam). Similarly, 
the load Point the right end the simple beam (point applica- 
tion the right and A,) the right fixed point -span 
beam. 

prove this, imagine that the load arrived Point the left 
(Fig. 102 (a) (c)). From the theory the fixed the moments will 
pass through Point (right fixed point the middle span). Fig. 102 
and (c) shows the resulting 2-span beam. the load approaching Point 
remains the right support the 2-span beam; and, finally, the load 
reaches Point the left span the 2-span beam may omitted being not 
stressed and thus the right end the simple beam the: 
fixed point the middle span the equivalent 
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The influence lines will facilitate the work greatly inside the 
span. The tabulations give the reactions simple beam; 
the distances any section reactions and from the load de- 
sired determine influence lines for moments inside the span. 


Outside the loaded the influence line for influence line 
for every moment, reaction, the loaded’ how- 
ever, that every quantity multiplier; and, correspondingly, the 
right from loaded span; A}, similar relations 

determine, for the influence line for (Fig. long 
given Table 33. the load between and the line 


2.189 
plied 


left reaction, the resultant and A,). the load between 
and A,, the influence line for that for given Table 36, mul- 


1.087 2.189 


soon the fixed points are found and the tabulations made, everything 
else may computed slide-rule. 

Somewhat more complicated the computation for variable moments 
inertia. the moment inertia does not change inside the span, order 
use the tables, determine the fixed points the n-span beam times. 
the moment inertia the loaded span and that any other span, 


multiply every span length the corresponding Thus may obtained 
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the: the same before. 
For instance, remodeling Equation (111): 
and for uniformly distributed load extending from 


a? 


which values might tabulated. 
the load extends from 


The values, thus obtained are multiplied, course, the load. 

all the spans are equal, the influence lines may taken from the tabu- 

lations without any previous work, because this case the fixed points and, 
the equivalent beams are known advance. 

Conclusions.— 

There never will better dead loads than, that ‘the 
authors, which built the broadest mathematical vision. 

(2) The writer claims discovering the fact that every n-span 
beam aggregate n-2 three-span and two-span beams; and intro- 
ducing the secondary fixed points and the influence lines. for the location 
equivalent simple beams. 

(3) The writer’s original problem Where are the points 
cation certain groups reactions span beam? 

(4) writer believes that this question important for every 
such multi-story rigid frames, Vierendeel girders, ete. 
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riously followed the several, mathematical and read with interest 
—also some profit and satisfaction—the many discussions that have been 
found the subject fascinating account the mixed mechanical principles 
involved it, and its importance economically. has given this type 
structure considerable together with other styles reinforced con- 
crete dams, studies were published May, The following 
substance part that study modified and expanded. 

Several the mathematical analyses are based the assump- 
tion that one the major mechanical principles involved cantilever action 
any small vertical prism the dam. The writer does not concede that 
such action sufficient importance justify the intricate 
analyses, but believes that conclusions thus reached may quite misleading 
dam. results from the following considerations. 

gives three cross-sections; Fig. represents dam 
method, with surplus material, whereas Fig. dam also designed 
but with surplus material the top. Referring Fig. 37, let 
question whether not the designer consider cantilever action 
major factor will depend whether not the foundation, can 
assumed unmoved when the dam all the stresses and strains 
are action. the writer’s opinion that not for safety, 
and certainly: design with this intent. The 
designer will usually find difficulty safe bearing stress under 


February, 1926, Proceedings. 


Prof. Civ. Eng., Missour! School Mines, Rolla, Mo. 
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Analysis dams ‘part the study alluded previously. 
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the foundation. The more exacting condition will that providing 
effective cut-off wall below this part the study should noted 
that any unequal bearing the foundation will cause movement inde- 
pendent the elastic deflection due stresses the 
more the cantilever action with consequent varying intensity stress the 
foundation, the more will this independent movement con- 
ceivable that foundation could made safe bearing and safe against 
leakage and left the condition shown Fig. (c), yet there would but 
little rigidity such design. The point that infinitesimal movement 


the tangent would render vain any attempt calculating the propor- 


tion the load carried the cantilever and the arch. Doubtless 
movement the tangent will occur under loading the majority 
dams. 


38, 
The cylinder formula would indicate thickness the 
water surface arched dam. cantilever action must 
movement down stream This movement would 
resisted the Inevitably pure action cannot extend the 
the vertical beam rests against more less elastic support. 
The more surplus materal there the top the dam (as measured the 
formula) the more rigid will the support the top end 
vertical, beam farther down from the top will point 
now the question which the more logical, the cantilever 
the vertical beam, which action probably the more domimant dams 
which should developed Suppose Sections (a) 
dently the cylinder formula fails apply and both beam action 
must carry all the load. Section action purely. that 
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dams 
(a) 
(in 
unit 
Evi- 


and beams, (making wall), ‘simply rest against the girder 
the top the cut-off wall the reactions one- 


third the total pressure and and; dams 


would built the vertical beams monolithic 


therefore (theoretically) the beams lighter the more 
fixed they the ends, 

cular are plan, thus becoming arched dams.. that Case 
(a) under action combination with arch 
Case (c) vertical beam action must continue, although the load 
now by, the beam will reduced in, amount and relative 


intensity all due introduction arch action. 


That the beam must carry some. the load evident the 
fact that the arch stresses causing arch deflection are right angles the 
plane which arch (plane the Fig. and Fig. 42). 
The could not held this bent except by. loads the plane 
the paper. course, vertical, beam action ‘be utilized, the wall, must 
reinforced accordingly. 

arched dam. exception all studies subject that the writer 
has fix, the cylinder formula alone, the radius that may 
economically conservative permissible average stress 
this maximum radius usually put 300 400 fallacy. fail- 
ing take account vertical beam which will in, 
dams usually, proportioned, and also utilize this additional 
recourse available the engineer, will his design with the pur- 


bringing into, action and, economically utilizing vertical, beam action. 


the writer’s. was shown that for straight 
being the total height) that thickness may made from 
the average horizontal the arch, radius, that 


thickness 25-ft. depth would 200 ft. and for the same thickness 50-ft. 


depth the radius would 100 Yet the section designed heam 
would safe with infinite radius (straight Evidently any degree 
arched not until vertical beam action 
and utilized. 

arch promising might seem from the foregoing, for, 


placed along the top the dam (replacing the top girder the straight 
tical-beam For long radii this arch will assume large 


top reaction the vertical beams beam and 
dam depends factors, among which are: 

base the less will the top reaction. 

The radius else holding flatter 

(c) The lateral location the beam between the crown and the abutment. 
will probably greatest for vertical beam crown and will 
gradually reduce zero the abutment. 

(d) The rigidity the arch rib against deflection radially This 
depends the radius and the unit stress area; the more rigid the 
rib, compared the wall below, greater will the top reaction. 

From these considerations evident that satisfactory determination 
the reactions will difficult and may 

Since the load the top rib not constant the formula can- 
not applied that rib. All the thrust going the top arch rib 
much relief the arch wall below. 

One important matter that seems generally ignored (intentionally 
otherwise) the large portion the water load arched 
goes into the base foundation without affecting the arch. This due 
fixedness the base. against horizontal movement inward, down stream. 
Consider horizontal slice, say, ft. vertically, adjacent and above the base. 
the cylinder formula applies this slice would under compression 
the direction the axis the arch; the arch would shortened and would 
slide (deflect) inward determinate distance. motion prevented 
because the slice rigidly fixed the base. may then assumed 
that all the water pressure the bottom foot the arch goes into. the base 
pure punching shear. Likewise, the next horizontal slice above will fixed 
the slice below but some deflection will develop; and this same relation 
will points are taken progressively the face. This deflection will 
the sum the effects due pure shear, vertical-beam action, and arch 
action. Evidently, the water pressure any point (as and 
42) will likewise divided, Part going down into the base without affect- 
ing the beam arch, Part going the vertical beam, and the remainder, 
Part going into the arch. 

any one has difficulty understanding the between the, 
and that simple vertical can made clear imagining two 
adjacent horizontal slices the arch (say, ft. thick) Fig. 40, with- 
cohesion friction the dividing plane, but having pins. set 
between the two slices. Evidently the lower slice more rigidly held against 
arch deflection than the upper one. Thus will developed pure shear 
the dowel pins. this shear that represented Figs. and 

Figs. 42, inclusive, the writer presents some suggestive diagrams 
illustrating what takes place dam, such ‘a8 distribution the 
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the 


water load, deflections, and shears. course the proportions.in the diagrams 
may not correct even for any one dam, and they would change with every 
place the dam which the section 


to Arch by 
Shear 
Carried up 
load, 


shear 


Carried down 
by Shea 


40. 


For Fig. the cylinder formula was used taking account shear and 
resistance deflection surplus material placed the top the dam; 
vertical beam action ignored. Fig. the other hand, vertical beam 
action alone.is considered, with due recognition the arch deflection the 
rib the Fig. the effects are combined and the: 
deflections general are less, due the divided load. The distance, 
allows for the arch action from the horizontal compression the trench wall 
below The M-N, will include all the areas, 


point, (Fig. 42), will not the same height all the 
will descend toward the base approaches the abut- 
ments. The beam load, will become less the section the abut- 
ment. The reason for these that inward the 
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arch becomes the abutment approached and therefore the 
causing beam and shear loads will 

with some temerity that the writer shows that the formula 
applies correctly only one point vertical section, ‘the point, (Fig. 42), 
where the beam load line crosses the vertical. this conclusion correct, 
should influence designing the section the dam the crown, 
will relatively large the crown account the large arch 
deflections that point. Near the the vertical-beam load line, 
will lie close the vertical, B,, and the point which they cross 
will matter little. 


/ Division of load; 
@, to arch 
beam 
8, to shear 


c 


the foregoing conclusions are would, indicate that the economic 
design arched dam would require that near the abutments the dam 
should be! more massive than the crown, both the wall the top 
arched 

last comment about vertical action dam, advantage 
worth noting that the wet surface would compression which would 
tend make the wall more impervious while cantilever action would have the 
reverse effect. 

Referring the experimental dam now construction Stevenson 
Creek, California, will easy determine whether the deflection 
that vertical beam cantilever, fixing several mirrors the down- 
stream face, and noting the trace, some distant fixed surface, reflected 
ray from fixed light. More than this hint would superfluous. The writer 
hopes that this subject will receive attention. 

Thus far, the writer has not alluded the effect temperature changes, 
nor will further than express the belief that temperature stresses can 
practically eliminated one more flexible These would usually 
need to, only part way down from the practicable 
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the numerical, determination the stresses arched, dam 
seems, hopeless, the writer wishes, conclusion, call attention com- 
forting and reassuring fact that, excepting temperature stresses, each and every 
one the mechanical coming into play arched dam co-operate 
giving and starting with the formula the question 
not, “Where the but rather, “How far can 
duced below what would required the 


arch dams undergoing gradual development evidenced Mr. Jakob- 

becomes elaborate for everyday use, some short-cut 
popularity they deserve, formulas would have. worked 
out from ‘results obtained testing arch dams destruction, that is, from 
such large scale are now under way by. Engineering Foundation’ 
Dam near Huntington Lake, Central 
subject too complicated for absolute. ‘solution, empirical 
formulas based actual test data will undoubtedly prove expedient design- 
ing Several tests destruction were made small arch dams 
connection the construction ‘of Lake Cushman Dam, constant angle 
arch, 275 ft. built the Wash. ‘While these test dams 
in. thick, in. span, radius! first and in. thick, 
formulas based results from was rather interesting find 
that the unit crushing strength these arches was from 100% the 
ing strength the arches was obtained the simple arch formula 
(water pressure up-stream radius unit compression thickness), and 
demonstrated (94 that near the point failure the 
were. distributed evenly over the section. evident from this that 
concrete must have “flowed” when the arch was highly loaded, give the 
compressive stress opportunity average itself over the whole area just 
before the, crushed. 

normal water load (reservoir the stress distribution from 
being uniform over the but reassuring that before 
complete failure can take place the average crushing strength the building 
will developed, corresponding uniform distribution the com- 
préssion over the With more data available from actual tests large 
dams, possible develop fairly simple empirical formulas, which 
will give amount stress and the stress distribution the ma- 
for normal loads the arch. 


Cons. Engr., Constant Angle Arch Dam Co., San Francisco, 
Proceedings, Am. Soc. E., February, 1928, Papers and Discussions, 


largely responsible for making the tests these dams. 
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not assume the cantilever any load, since whether 
does does not depends the degree’ water-soaking and its distribution 
between the up-stream and the down-stream face dam body; and this 
cannot calculated. séems fair assume, however, that the effect the 
stream face. 

For the sort concrete used for massive dams approximately 
the coefficient swelling can ‘be taken dam were 
300 ft. high the water came face, would become 
1.08 in. higher along the up-stream face with the reser- 
voir full. the face remains its original length the dam 
would down-stream direction without developing any secondary 
stresses résist this movement. The amount this depends the 
shape the cross-section the dam and may easily much the deflec- 
tion the arch carrying the full water load, case the can- 
not relieve the arch any load. This also explains why the cantilever never 
cracks along the up-stream: face near the bottom, any other place, 
and why apparent tension the arch along the up-stream side not 
tension simply does not exist either place, due the swelling the wet con- 
crete. doubtful whether the cantilever relieves the arch any load, 
the arch should calculated support the entire 


Voert (by writer has studied this valuable paper 
with the greatest Its reference his paper, “Ueber die Berechnung 
der Fundamentdeformation”,§ gives him the opportunity some 
plementary remarks the influence that the yielding the foundation has 
upon these thick arches. For complicated body statically dam, 
would fiction claim any exact stress The writer’s 
tions, therefore, not exact, but only show 
how the stresses are changed due the yielding foundation. first 
glance might seem obvious consider this yielding, Closer 
investigations, however, show that more less correct calculation 
wanted, should means neglected the case thick arches. 

The writer agrees with Mr. Jakobsen’s remarks relative division loads 
between the cantilevers and the arches. therefore, refers 
the case which the arches known, uniformly distributed pressure, 
(the, author’s Fig. the near future the writer expects publish paper 
influence the yielding foundation the division load between 
the cantilevers and the that the not 
discussed. 


See Campbell and experiments, Engineering July 
Civ. Engr., Trondhjem, 
Received the Secretary, 23, 1926. 
Det Norske Videnskapsakademi, Oslo, 1925, No. 
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(A).—In Fig. cantilever acted force, per unit length 
(that is, load The influence yielding the foundation the 
deflection this cantilever will approximately equivalent the replacement 
h,, down imaginary unyielding foundation. The calculations assume 
that the foundation bounded infinite plane surface, and that the mate- 
rial the foundation follows Hooke’s law. simplify matters, as- 
sumed that the modulus the same for the foundation for 
the cantilever, condition which will nearly fulfilled the case dam. 
the difference appreciable, the displacements the foundation here 
given may corrected them the ratio for the arch 
for the foundation. the rock the foundation shattered, the yield- 
ing will greater than here given, since the tensile strength 

this case has disappeared. calculation this assumption obviously 
impossible. Further, the following calculations assume arch cracks 


43. 


When the moment main importance for calculating the deflection, 


and when Poisson’s ratio, small: 
> 

When the normal force the shear importance, must given 
larger value. 

the deformation due the normal compression considerable com- 
pared with the deflection due the moment, the caleulation the deflection 

Approximate formulas for the average displatement rotation the 
loaded part the surface, Fig. 48, are* for values varying from 


The pressure, per square inch these formulas here expressed and the 
The formulas are developed the known from 
errutt 


n 
l- 
3- 
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which, 

Besides this average displacement, there will also the 
originally plane surface, due mainly the normal force and the moment.* 
This curving may also have some influence the distribution stress near 
the abutments, will treated (C). 

applying for the displacement the founda- 
tion arch dam calculations, must remembered that the surface the 
foundation not plane sufficiently wide area from the abutment, and 
that the formulas therefore give only approximate displacements. 

When each side the arch dam taken for dam with the 


sin normal force per unit 


ratio between and and Poisson’s ratio, between and 


Equations (111) may written: 


(B).—The yielding the foundation due the direct water pressure 
the the valley will subsequently. the meantime, the 
yielding ‘of the foundation ‘due the reaction the arch ting. the abut- 


Norske Videnskapsakademi, Oslo, 1925, No. 
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ments only will considered (Fig. 44). the paper, the force, X’, per 
unit length denoted X”, and its from the center, the 
arch A”. The abutment assumed vertical, making angle, 
with the arch radius. the water pressure assumed 
uniformly distributed over the whole and consequently 
over the angle, y,, usually will small, the resulting error will 


44. 


arbitrary point (Fig. 44), the moment the neutral axis is: 
which, 
and the shear, 
The moment, the abutment, referred the center gravity* 


The angle, y,, usually relatively small, and, therefore, 


‘should taken about, the center not about the neutral.axis the 
curved arch, that may used Equations (112). the distribution stress 
curved beams not linear, Equations (112) are only approximate. 


Det ‘ 
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urther notations are follows: 

From Article the paper, the values, 1.94 and 0.94, are 

obtained. 

temperature variations, swelling, shrinkage, lateral elongations due 
vertical pressure are acting the freé-movable arch, Fig. 44, tan- 
gential elongation, u,} per unit length the axis, and rotation, 

the crown section rélative the abutment produced (see 

Article the paper). uniform change in, temperature the free 

movable arch will produce geometrically similar arch, and therefore 

rotation. The author’s Equation gives value not equal zero, 

when This equation, therefore, cannot the error 
caused neglecting the radial elongations. the other hand rotation 
may produced when not equal When varies linearly along 
the radius from the radial sections will remain approximately plane, 
and 


From symmetry, the crown section has rotation, that (see 
tions (112)), 
. = 119 


or, re-arranged (see Equations (114)), 
2 


Proceedings, Am. Soc. E., February, 1926, and Discussions, 
More accurately, 


Proceedings, Am. Soc. E., Papers and 212. 
Loe. cit., 222. 
Loc. cit., 223. 


ig 
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q 
anc 


The tangential displacement crown must zero, or, see 
Equations (112) and 


replaced A”. 


2 


quantity, Equation (112) ,is the displacement normal the abutment surface, 
the displacement, 


Proceedings, Am. Soc. E., 1926, papers and Discussions, 
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With these values, using the example Article XII* 100 
8687.5 Ib. per arch slice in. 


the yielding the foundation. causes reduction the 
force, and the same time the force acting nearer the 
the crown and reduced the abutments. follows that the tensile stress 
the intrados and that the extrados reduced. 


TABLE STRESSES THREE METHODS 


i 


Extrados. Intrados. Extrados 


+191.7 
—216.0 


WITH 


‘The numerical values the stresses are given Table 11, from 
akobsen’s Equations (34) and for the abutment section with the 
(see Fig. 44). When not equal zero these formulas 
certainly not when the plane, since the 
abutment section and the radial sections cannot the same time remain plane. 
The writer supposes, however, that the error 
The follow from the curving the treated 
Article (C). 


Proceedings, Am. Soc. E., February, 1926, Papers and 224. 
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coefficients, and are only slightly change the 
mate values most cases. any case the only approximate, 


and therefore the coefficients are taken only the first decimal. The coeffi- 


the length the loaded part the surface. For instance, with 
instead are unchanged (to the nearest tenth), but in- 
creased from 1.6 The resulting additional stresses the crown 
abutment sections are 1.1; 5.2; 1.6 The stresses 


same value but with 15° and using the 0.7, 


ro 


Jakobsen ......... 871.4 +13.2 7.8 69.1 


its thickness, that the dam acting more like plug wedge than like 
arch. may seen from Table 12, the tension this case materially 
depends the angle, such wedge the displacements mentioned 
Article (F), also may and the calculations may some- 
what uncertain. 

(C).—As already mentioned, the abutment section, besides having the 
mean Equations will also suffer curvature, 
even the distribution the load linear.* This curving caused more 
the normal force and the moment than the shear. The deformation 
and the mean displacements the loaded part the surface are shown 
diagrammatically (dotted) Fig. average over the whole length 


*See Figs. and “Ueber die Berechnung der Fundamentdeformation,” Det 
Norske 1925, No. 
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for the edges, and the deformation due the normal about 


Upstream face 
Upstream face 


Fic. 
Consequently, 


When the moment acting alone, the deformation for the will be: 
Hence, for the numerical example, with 100 ft., 45°, 
0°, and 69.5 Ib. per sq. 
The distribution stress then supposed approximately linear. 
The deformations, 4z, and must produced additional stresses, which 
have their resultant and their moment equal zero, since they have change 
only the distribution stress across the section. follows from St. Venant’s 
that the space through which these stresses act, the direction 


the arch axis, small. Let produced the stress, length equal 


sponding additional stresses may found from 


Oslo, 1925, 
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The which stresses act arbitrarily. and 

distance from the the, crown, say—this correction, 
according St. not appreciably, the distri- 
bution The cunving the due shear, mentioned 
the author’s Article will also cause the distribution 
stress. The corresponding usually small. 

(D) the temperature the arch changed and the temperature 
free movable, arch the, values, and may by, the temperatur 
expansion, The corresponding values for and ‘be found from 

actual stres found. these the actual tem- 
perature variations. 
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stresses the abutment are for the given example the 
found neglecting the yielding the foundation (see ‘Table 13). 


cA, diss 


addition this there the the abutment the 
stream 


The total radial deflection for the arch crown is: 


angle, 

2 


which, 


‘ 
1.8001 
A Re 
the 
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For unyielding foundations the numerical example previously given: 


Suppose the arch continued imaginary foundation 


equal the. displacement the ‘arch; ‘but the displacement 
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writer had these curves drawn ‘paper’ appeared, 
the reason for using the 


the 

125) 


found approximately from the expression: 


Compared with all the other are not and 


The calculation vital importance for finding the division 
load between the cantilevers and desirable 
simple approximate method like the one given. For calculating 
the stresses, the writer would more aceurate 
(F) been made clear that eve for foundation the 
yielding must not neglected the stresses the deflections 
the bottom and the sides the valley produce the abutments. Evi- 


400 000 000 cu. ft.), the filling the will the ground 


By. \ \ \ st 
r 
Jhb 


not plane. rough estimate* seems show that, for site, 
instahce, those with the length about, times ‘its 
the have practically ‘due the 

dams very narrow canyons, and then reduces the arch effect. 

conclusion said, that the yielding the foundation 
thick arches reduces the bending moment the abutments, and therefore 
reduces tensile; the bending moment the crown 
neglected. With thin arches, the other hand, they are because 
with equal zero all these changes are equal zero. The “secondary 

accurately. addition, there the influence the division ‘load 
the cantilevers and arches, depending should real- 
ized therefore that there will always considerable uncertainty the cal- 
culations, even there complete and accurate knowledge, not only the 
water pressure the temperature, but also the elastic properties the 
rock and the shrinkage and swelling 
this kind may claim more than rough approximation. 


interested this the and: fully appreciates the. vast amount 


deformation,” Norske Vide 1925, No. 


For instance, for the test dam ‘Stevenson Creek, California, yielding the 
foundation will hardly great importance. 
Proceedings, Am. Soc. E., February, 1926, Papers and 
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work entailed the presentation paper this kind. presents 
herewith some minor notes discussion introducing novel 
arch, with the hope his method will lead thorough analysis 
the actual problem and the correlation the results with the 

are not synonymous statements, Poisson ratio not stress equivalent. 
stress distribution, The Poisson effect phenomenon its 
only function equation note the shift due distortion 
direction normal its well clear up. the confusion 
attendant the introduction this ratio deformation 

regards changes large masses,* the writer, would like 
range temperature distance exposed face increases. The 


form: 


the ratio the range at: this point that surface cos 


ti ¥ } ! i 
\ 
=. \ 


with measured seconds, and for period one day, 
From the experiments ‘Mayhew quoted by. the 


author, Table has been show comparison between, actual 
and theoretical ranges, 
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ciently accurate warrant its use the determination temperature ranges. 

design arch barrel the usual formula course, approximate 
design plate the beam formula. writer has attempted, therefore, 
analyze the arch surface rather than ring spite the 
intricate mathematical analysis involved, hopes that least qualitative results 
the common theory. that the middle surface unextended, that is, the neutral 
gravity surfaces The author has shown assumption 
invalid for arch finite ratio thickness the 
writer has his the common Take typical 
pressure. computation ‘the ‘is ‘taken unity and 
bottom, and freely supported the sides. Measure the co-ordinate, verti- 
cally downward from the crest the dam and the angle, the horizontal 
plane from central plane bisecting the arch sector. Let the total sector angle 
The flexure the arch surface introduces change curvature 
vertically, and circumferentially, and also twist the normal the arch 
about Let the change curvature the direction; the 
direction; and the twist; and let measure the radial deflection any 
point. The changes curvature may represented (see any text, such 
Love, for demonstration) by: 


the rigidity, and the Poisson ratio; that 
and the theorem work states, 

The symbol, here coefficient variation and may applied the 
usual differential coefficients previously given. Substituting the values 
the and and simplifying dpplying some theorems 
the calculus variation, there results general differential equation: 


nt. 
i a? | | 
the 
tual 


stress system with due, consideration, for the continuity the 
length dimension. there results usual, for the 
arch ring. Unfortunately, there solution for. the, general equation 


o 


0.4 
Relative Values Moment 


\) 48. 
computed for specific values the thickness loading. 
Assume solution the form, 


the condition that the cantilever moment must vanish the crest. Let 
represent the moment the vertical direction, that is, the so-called cantilever 
moment, and represent the ordinary radial or, arch 
The values and are obtained from the for and moments 
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These enable qualitative study made the moment variations. 
Fig. shown the variation the cantilever and the arch moments 
taken vertically along the crown line the arch. any other vertical plane 
shows that the moment acquires maximum value the foot far 
exceeding the maximum that the arch moment 
changes sign toward the 

may that these results até’ too approximate for 
the actual conditions. The writer therefore has contented himself with merely 
presenting the outline moment values with the hope that data may 
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TREND CONSTRUCTION COST CERTAIN 
PUBLIC UTILITIES 


his interesting paper, Mr. Breuér says: 


“That all these utilities, power plants, and distribution systems would trend 
much alike, was not expected, but similar research others were readily 
available, the writer very confident that their experience would but 
substantiation these findings.” 

This last stated opinion the writer shares. Construction costs are made 
number items, each which varies individually and the proportion 
bears the total. Nevertheless, except for unusual types the total cost 
construction seems follow about the same curve over period years. 

The writer confirmed this view study the Engineering News- 
Record Construction Cost Index and its relation the data Mr. Breuer pre- 
sents. That index purely index; that is, not the cost any specific 
project even typical projects structures. simple mathematical 
derivation the composite costs four the items which make 
construction cost, each weighted arbitrarily according the part judged 
take the total cost engineering work. The value the index, 
therefore, being based judgment, must proved the accuracy with which 
gauges actual cost and not any individual opinion the propriety the 
relative weights each item the selection the several items. The index 
has been worked out for the years 1914 1926 and based assumption 
normal costs The index for any month any year, therefore, 
indicates the cost construction project built that time its relation 
the cost the same project built 1913. 

The index based the prices steel, cement, lumber, and common labor 
1913, each item being weighted follows: Steel, 37.50%; cement, 7.14%; 
lumber, and common labor, per cent. The weightings were deter- 
mined studying the annual production the three prime materials and the 
number common laborers (excluding farm labor) the United States. The 


This discussion (of the paper William Breuer, Jun. Am. Soc. E., published 
March, 1926, Proceedings, but not presented any. meeting the printed 
Proceedings order that the views expressed may brought before all members for further 

iscussion 

Editor, Engineering News-Record, New York, 

Received the Secretary, March 1926. 
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tractors York, the average price common labor twenty 
cities listed Engineering, the first issue The 
prices are those obtaining the last week each month, published the first 
issue each month. The quantity these materials and the number man- 
hours used the were selected that the total cost (quan- 
tities multiplied prices and for 1018 would $190 for 
“anit 

basis, the Cost for the for which has 


similar the curves construction costs actual properties the 


é 40 -—-—A Gas Property 


A Street Railway 


1915 1916 1917 1918 1919 1920 1924 1925 
Year 


graphs showing the trends cost (1) power plant building; (2) 
property; (3) gas property; and (4) street railway property, for 
the years 1914 1925, all plotted from Mr. Breuer’s figures. Superposed 
these graphs the graph Engineering News-Record’s Construction Cost 
Index through the same years, with its base referred the year 1924 instead 
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trend ‘all but that the fundamental 


coincidence that the trends for electric gas property, and 
street railway, property should parallel from 1919 1925. One would expect 
them somewhat similar, but the maximum variation during the 7-year 
period, shown per cent. The writer made similar study 
the data his command, and the results were ‘approximately the same. 
The trends for the three types utilities from 1919 date, paralleled, 
the maximum being per cent. Also, the for the period from 
1914 1919 showed much closer between the three types than 
shown Fig. The gas and street railway trends were almost coincident 
for that 6-year interval and the property trend, with the exception 
two years not differ from the other two more than per cent. 

The fact, shown Fig. 2,§ that the trends for super-power station and 

small station extend evenly over the 12-year seems unusual. 
With the very decided change large central stations, and the abandonment 
small stations, one would that the economies, due improved design, 


his use. was somewhat find that with number items 
variations 20% and more Because the yearly indexes were probably 
from the and, because the items under consideration 
and more seems altogether too high. However, when all the items 
weighted and the yearly trends for the property whole determined,, the 
work with, figures given Mr. Breuer. 

the Secretary, May 13, 1926. 

Proceedings, Am, Soc. E., March, and Discussions, 435. 
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speaks “corrosion”. Limestone and inward. 

out that the rate which concrete necessarily 


through which water, diffuses least readily contain, 
resistant concretes, pointed out are also those that 
under. shéw similar characteristics and equal 
variable product those constituents that are 
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the compounds that develop the amorphous constituent, 
sibly make concrete which will resistant that made from cement 
containing 25% these compounds. 

The speaker recent has some the great differences 
among present-day differences are not disclosed the stand- 
ard specification under which meeting the minimum requirements 
are labeled equals. The science cement has lagged far behind the 
general march progress and the almost universal demand for better concrete 
will not come until better cement available for its 

The consurner must learn his cement just now his 
steel, his coal, his wheat, and his oranges. single standard for any 
modity can less than promote mediocrity quality. 


with the author’s opinion; which indicate that the 
conctete being produced bad. poor policy for the and Con- 
years practical experience, the offers 
back over the either directly ‘him 
and challenges critics find anything like the conditions described. 
reason for this neither because better quality cement nor 
Portland cement were used becomes increasingly. clear and more 
important every day, because uot too much water mixing the 


When the kept constant for any: 
strength, uniform, durable will result. illustrate the sim- 
from which increases decreasés strength can obtained automatically 
‘moving the water-measuring tank; strengths follow known 


tests made the Lewis Institute and many 
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conerete, is, and plastic; and therefore the lasting 
quality the concrete, merely controlled the water-cement-ratio used 


LOSSY. « | ! 

levee? 
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concrete the theory, the speaker feels the 
value the work may good and can neither nor dis- 
cussed. This phase presents viewpoint interesting contractor 
and may explain surface disintegration Such weathering, how- 
slight in’ properly made standard Therefore, the paper 
more showing’ lack control during the process 
making the concrete. Where contractors work and proper 
supervision the takes place, there need danger 


changing the size the maximum’ grains the Both the water- 


ratio theory paper itself grading the sand 
other sizes combine this; almost same the’ speaker’s 
buy commercial and quantity fine sand 
material consequence except filler for the resulting concrete. 

would better, “ready-mix” not used, have three sizes aggre- 
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used proper way, and providing the water-cement-ratio controlled 
some approved device. There are thousand examples good work every 
instance disintegrating poor 

it, test it, and use it, they are willing pay the price. This quality the 
aggregate affects the job constant and the job curve, but separate factor 
from that grading, which not important, affects Ahe yield 
economy concrete made. 

The the paper valuable attention importance 
control the and emphasizing the need hiring 
crete under such 


broken and heated, the moisture content will from that 
obtained the unbroken oven. 

various heights, and results only obtained 

reports data chemical, experiments, these data 
of, generalizations the mature;and behayior of; 

ever for does not, give authority or. his; 
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Between. these points both appear attracted near solid 
the several anhydrous crystalline clinker, to’ partly 
and crystalline and usually hydrous compounds resulting from reaction 
for proceed Similar, slow, diffusion may demonstrated 
sulfate below water may take diffuse through 
few experiments are, on, out 


Loc. cit., 558. 


n- 
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inferred that the distilled water each interval 
several days, when part the solution was removed for similar 
quantity water was added. The data are plotted with 
per million expressed calcium carbonate the ordinate against, “percent- 
age total calcium dissolved” the abscissa (Fig. curves obtained 
show more less regular drop, indicating total dis- 
solved, becomes greater, the “alkalinity” of, fraction tested 
The author regards the smooth nature the (the points on, Curve 
show distinct break that not explained) and the drop “alkalinity” 
evidence that “either. there are number compounds formed. 
“The gradual equilibrium, shown the curves Fig. 
points strongly the fact that there are definite stable compounds 
cium and silica concrete, they are, calcium 
content than silicate, and that any additional above these 


stable compounds may merely the nature surface adsorption, or, 


The author, however, makes. apparent the: 
sented are typical curves for hydrolysis. Any either 
weak acid radical, weak basic radical, both, will 
decomposition into its and basic constituents 

The point the tri-calcium silicate, ‘silicate, and 
other aluminates; ferrites, ‘To such compounds 
clinker lay aside well-known of: the Geophysical Laboratory 
systeni, SiO,. errors may have been made 
the attempt carry over this work pure components 
cement, but least atiy such work 
must accompanied convincing the principle hydrolysis, 
therefore, these silicates, aluminates, and ferrites lime 
water into hydroxide and ‘either oxides ‘of silica, alumina, 
water were continuously intermittently removed, the end ‘products! would 
probably hydrated silica, alumina; oxide. “If water not 
removed, the hydrolysis would ‘expéctéd wntil ‘an’ equilibrium 
condition were which the rate recombination base 
the dilution and the the remaining 


Loc. cit., 552. 
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the state the reaction equilibrium. equilibrium not 

measurement voids hand before conclusions may legitimately 
made the significance the voids. method suggested consists taking 
special 24-hour old sample, drying 210 250° Fahr., cooling, weighing, 
submerging water for periods min., hours, and hours, and reweigh- 
ing. Omitting details, the percentage voids then calculated the ratio 
the water adsorbed the volume the sample. 

must realized that drying constant weight temperatures 
250° Fahr., considerable quantity water will undoubtedly lost 
dehydration and desorption, and that the water lost will probably again 
taken submergence. Furthermore, the wetter the original mix, the 
greater, presumably, will the surface exposure, and consequently the greater 
will the quantity water taken limited period time these 
processes, which the condition observed the author. 

Thus, the void test described appears measure number 
factors including the water wetting, hydration, and hydrolysis, well 
that which actually enters the voids. Methods previously described* avoid 
these difficulties large extent, and Talbot has discussed length the use- 
fulness the test, but none these referred the paper. 

Calcium Solubility Index.—The author suggests method+ for determining 
whether any given concrete structure continuing satisfactory state, 
whether weakening and becoming unsafe subject rapid disintegra- 
tion. The method consists determination the “alkalinity” sample. 
general, this becomes calculation the uncarbonated lime the sample. 
High “alkalinity” means that the lime has not become carbonated. The 
author states that the “alkalinity” in. from the surface should not less 
than 200; and in. from the surface, not less than The reason 
given for this that high value indicates concrete such impervious- 
ness that carbon dioxide cannot enter, while low value indicates porous 
structure. 

This suggestion interesting and should properly tested. The experi- 
ments quoted are inadequate for basing any conclusions, but they seem 
sufficiently suggestive warrant carefully planned and comprehensive 
series. Such series investigations, however, should consider the testing 
Talbot, Past-President, Am. Soc. E., and, also, Richart, Assoc. 


Soc. E., Proceedings, Am. Soc. for Testing Materials, Vol. (1921), pp, 940 and 


Proceedings, Am. Soc, April, 1926, Papers and Discussions, 573, 
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presenting searching confirmatory data whenever new ideas 
only after sufficient evidence has been gathered justify the 
result better understanding Portland and warranted 
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attract ‘the man limited. means. hereon. 

failed they. would succeed but their was The 
What. this irrigation. planning lacks the United attention 
twenty-five years ago this was not would, 
per practically all canals any size present, and 
small before gets started.. The fature private and 

Act Congress, part the members directors appointed 
stock, this corporation connected with the Department the 
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not clear how such complex organization would have any advantage 
over the present Reclamation Bureau; would have much greater overhead 
expense, the risk loss would equally great, and the responsibility man- 
agement less because directors would operating with 
fun The main urged for such organization that 
would board, free from ‘political control. Speaking from 
some considerable experience and private development, the 
writer doubtful whether this freedom would secured. The Tariff Com- 
mission has not taken the tariff out politics. 

The only way that reclamation can taken out ‘politics carry 
without Government money and that precisely what cannot done 
under present conditions. There are now pending Congress appeals from 
about twenty private enterprises (that is, enterprises started with private cap- 
ital, and undertakings) completed, are financially 

embarrassed, are appealing to, financial life-saver. 
There: more that are not paying reasons 
the mistakes design but solely. the profits 
have not been sufficient enable farmers living and 
irrigation charges, the opportunities the projects have 
sufficiently attractive enable the land ‘be settled and brought under 

cultivation. is. the farmer who determines whether not irrigation 
“enterprise financial economic success. 

This paper, therefore, does not touch the fundamental all 
development, public private, namely, the failure include the 
development study the questions connected with land 
tlement and the improvement and equipment farms. 
definite land settlement policy, and unless the question ‘of how raw land 
changed into farms thought out ‘the size canals and 
design engineering structures, will delayed and 
uncertainty the financial outcome. 

About one-half the Government reclamation projects are meeting 

make better showing. have financial problems, but they have 
problem the tenancy and non-resident ownership 

ernment their payments, but this not due bad design works or, 
many cases, poor land. one-half the projects that are 


and the local climatic private enter- 
prise for Government projects, the were 
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tions created the World War. 


foundation the vexing problems encountered engineers and economists 
the financing irrigation development private capital. Collateral 
this gives answer question National concern, the 
the Federal Government should have enterprises. 
that Congress create corporation, with take over 
all the duties and responsibilities irrigation now imposed the Secrétary 
the Interior and conduct future operations through board directors, 
with full authority carry the business with reference the larger 
that: 

should enjoy the same and relation the Federal Government ‘as 

any one who has been intimately with 
struction, operation the Federal enterprises, this suggestion ‘has 
accord with the experience the past not 
with other transactions involving the investment and recovery 
large sums The need for separate from purely: gov- 
ernmental functions handle Federal reclamation funds 
with efficiency economy the fact that departmental 
with its many growing ancient checks and 
been evolved with reference enforcing laws, mainly restrictive. does 
not permit nor stimulate the exercise sound judgment fit 
day reflects past tather than future 

Fund from the farmers) whose lands have 
value from practically prices ‘more than $100 
per acre. ‘The losses making collections from 
owners are striking contrast the activities the Farm Loan Board. 
controlled corporation, has persistent policy; one which 
recognized that must and has not exempt groups 

the policy requiring payment’ from land the funds 
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would have been checked and the present would never 
have One the best informed experts who, has devoted 
the study the the ground present situation 
communities, and less the nation, noted Mr. Shepherd, 
has, been made investment. this is, contin- 
more land being cultivation the. use private 
corporate funds, than can developed conceivable appropriations 
public funds. There doubt that whole the public funds were wisely 
and effectively expended the earlier enterprises, and the public has gained 
such further wise investment publie be: National 
reclamation 

which has resulted with reference Federal investments in. irriga- 
Officer, lawyer chosen for political imppsed 

named the law, could,employ when pleased, any 
Such unlimited and, discretion hardly ever been 

Indien patents, pensions; education, geology, hospitals, insane asylums, 
the duties. true that for these certain responsible 
assistants were provided, but infinite practically the court, 
trained for the work office long enough 
the Interior have held office only little more than two 
years. With few exceptions they have not been with reference the 
work hand; ‘traditionally, they must the West; 
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interest irrigation, promptly reversed the policies 
far, ‘at least, finances. has entrusted the technical 
James Garfield, but each everything which had 
whom water was sold For what would 
did not any considerable number the taxpayers would) pay 
and that, far was he! would not 
this experiment finance; sufficient point out Mr. Shepherd 
sees the difficulty and offers the solution, namely, the 
ing powers’ number direetors, preferably appointed for long 
Another point brought out Mr. Shepherd is: that ‘all: these 
The greatest losses funds been anxiety of: each suc- 
1902, was provide small revolving fund, utilize this building large 
works, reservoirs, and main-line canals, the magnitude which were such 
that they could not then built private capital; then permit natural 
evolution, re-investing the money, slowly came in, the basis the 
experience already acquired. 
Preliminary this investment authorized 1902 the most careful studies 
possible were made (beginning 1888) the water supply, the topographical 
conditions, and the related physical facts; the best experts available were 
obtained consider soils and economic conditions. The unknown factors 
which could not determined advance were ascertained the steady 
development the projects for which these main structures were built. 
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Unfortunately, this. gradual was not acceptable. the short-term 
was urged expedite work. significant note that 
none this money was for five years after the authorized. 


This was because the fact then conditions securing rights PRI 
way, establishing water rights, construction, did not justify 
this The same which dictated the securing loan 

practical repudiation. Had the rule been rigidly adopted 

tures the amounts which might obtained from past much, 

not most, the criticism now been avoided. 

This relatively reckless attitude contributed the inflation land 
sively commented upon. analysis shows that the excessive 
fact these speculative values not because the pos- 
sible productive values the land, based the that 
the owners these lands would continue “to get something for from 
the Government. they would get exemption from interest 
payment the reclamation for period 10, 20, more, years, but the 
was asserted that ultimately considerable the debt, not! all it, 

agreed upon and some cases paid; namely, the claim the Govern- 
Uncle: afford ‘build and the serap heap far 
$10 000 000 battleship, put millions dollars diking swamp doi 
building hard roads, would never stoop the little from del 

like: Mr: Shepherd would the: people the country and 
with practice the methods which experience everywhere 
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cost construction Federal irrigation projects increasing and 
now varies from $100 $160 per acre for new projects Congress. 
place the cost developing and equipping 80- 
acre farm with suitable buildings ‘and fences, including leveling and farm 
ditches, live and farming equipment, the 
Experience has shown that settlers with are scarce 
and when found are inclined buy improved farms 
The majority settlers who take raw land new 
The cost water and farm development, high taxes, labor costs have 
preeluded: growing priced’ profit and have made large 
farms with few exceptions unprofitable. small irrigation farmer, largely 
doing his own work, cultivating intensively and being free from burdensome 
debts high interest, has been able charges, 
ing those for water, and get His values per acre are relatively 
high, bill small, and has idle land. grows large part 
the. food consumed These advantages over the larger operator 
gives and freedom from the other’s When gross 
usually 

that these know how every farm and well but they 
should have enough realize operate calls for 
hard work and know that they this means making 
addition, they should have character and industry and reasonable, amount 
adaptable for rural life and has good. chance succeeding. Farming de- 
mands expenditures and the practice seldom, experienced 
the city, settler who has had knows these 


1926, Proceedings. 


Received the Secretary, May 1926. 
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principles and practices them from the beginning. Selecting settlers 
accordance with desirable characteristics will not failures but will 
greatly reduce them. 
only irrigated farms, are those, that completely 
developed, and equipped. not the nor the credit 
loans required complete development repayable over long period 
and with low rate interest. The returns from farming demand this. 
The weakness Federal also private, irrigation enter- 
prises that the construction the irrigation accomplished the 
use borrowed money and such loan, yet the only security given 
raw land value having immediate earning The itself 
usually, more few dollars per power must 
to. into profitable farms, The not complete 
demanded any other financial agencies for 
good, settler who has His and will 
create the security. Then him terms can meet 
tions differ those their, new irrigation farming 
settlers friendly, assistance and guidance from: the 
is, required, his duties multiplied the selection 
part his duties and credit which requires included 


productive value water and the crop will likely 


Received the Secretary. May 1926. 
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and the probable market value these the, prospective 
possible for them improve their farms. Shall this new policy 
agri- horned toads and jack-rabbits shall the Government 
and its irrigate its ‘and thereby provide 
the reached. Baker, Agricultural Economist, Bureau Agricultural 
the young people know and farming profitable 


Year Book, Dept. Agriculture, 1921, 408. 
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values, The Hon. Henry. former Secretary 

States between 1850 and 1920 rate equivalent compound in- 
terest the 1850 valuation 2.65 per The to, 


was the rate 6.47 per 

When arid lands can made carry the financial load with 
which them; pay. for the lands, for their 
wages for his labor and that his, wife children who work the farm, 
the Government should their The nation needs 
the homes thus made possible for its rapidly population. 
President Coolidge, his the Farmers’ Conference November 
1924, pointed out that, the United States already imports that 
not enough others. Probably the yearly yields 
not question permanent over-production, but raising the, ‘right. kinds 
importing food produced under-paid foreign 

determining whether new lands jare needed, the 
whether. the new lands may profitably worked farmers them. 
use, 

the jungle state reclaimed, irrigation and drainage. poorer lands 
are constantly being exchanged for more fertile quit 
poor locations and, better should not the 
investment and his labor and more this, the 
arid and swamp must the nation’s most 
land asset. People talk about abandoned farms; 
many them ought never have been deforested, Baker 


“The trend land utilization the more 
intensive use the more fertile more favorably: situated 
clearing the cut-over lands, the can 
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the United States 1950 would 150000000. Dr. Raymond Pearl, 
Specialist Vital Statistics the Johns Hopkins University, estimated* 

provide food for the population, not counting immi- 
gration, Mr. Wallace estimated that would necessary bring under 
cultivation 8000000 acres per year, approximately 250000000 acres be- 
than from 1910 1920, compared with 50% for the previous 
decades. This increase was practical confined the precariously pro- 

“The land United States suitable for use irri- 
one the great questions before the people how maintain 
the foods and fibers for the that high 

ductive lands; that all such areas should carefully studied and 
made for their improvement. plans contain careful exam- 
ination features, pertaining, the soil, climate, availability 
water, engineering treatment, and should provide for the selection and 
creased and the development projects will greatly delayed. 

suggests that study should made available areas that 
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almost universal need for artificial drainage irrigation projects. The 
bility—nay, such need will be. mind 
from, the every and. the settlers the 
idea. has been suggested even that the drainage works should constructed 
the same time the original irrigation works. few cases would such 
procedure practical and case would economical, the annual 
charge against the additional would run for years before the 
Draimage works should before inhibitive 
tion serious. Not only cost less; but 
avoided and the danger losing settlers would 


the land after reclamation’ 

full colonization time under one set may 
not full colonization another time under different conditions. 
Drainage reclamation With the drainage charges added 
the ‘original cost, may the type ‘at least, 
more intensive scale order make the enterprise This 
means that the average ownership must considerable margin. 
The new colonization represents process most successful 
and satisfactory kind colonization. this have 
applied irrigation projects generally many the difficulties encoun- 
tered the past would have been avoided. The seed these difficulties lay 
the fact that the supply new lands greatly exceeded the real demand for 
them. 


hensive paper shows knowledge the subject that can gained only 
direct and intimate contact with all its various phases. the paper and the 


Discussion the paper Augustus Griffin, Am. Soc. E., continued from April, 
1926, Proceedings. 


Western Clay Products Assoc. Salt Lake City, 
Received the Secretary, March 26, 1926. 
State Superv. Hydraulics, Olympia, Wash. 
Received the Secretary, April 29, 1926. 
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interesting following appear wander engineering into 
comprehensive study the social and: economic: features. involved. 
and private, that them, would been built. 

may admitted that for such conceived 
and without intrinsic merit, some sound built, their 
save present investments assure the suceess the. settlers already 
the Federal subsidy such aid these Federal neces- 
sary justified the establish State Federal subsidy 
another opens the much, broader field State 
Federal 

lands. Most the remaining projects, with their high, large and 
consequently their long development period, will, the 
extent least freedom, from interest the construction and 
the are built there to. be. economic need for 
products. 

granted; perhaps the future, certain limits. 
Mr. and other distinguished and have 
that some great public works, sueh, for example, that will required 
the dev Colorado River Columbia. Projects, 
should years, in, advance. and their undertaken the 
Government during the. industrial the 
attempt. should Gov. rnment subsidy force into, 
irrigation development the West should steady and gradual keep pace 
with the growth its markets. The provide for such 
extension can largely the natural increase present 
population. ‘The: past years has shown steady 

requirement than love for the land and for growing things, 
strated habits thrift and industry, willing, and able Rejec- 
tion the inexperienced for that cause many 
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the outstanding successful farmers.on the projects which the 
writer has been connected. experience years involving close per- 
sonal contact; with more water users, his observation: that the 
percentage success greater among those without previous farming experi- 
experience, but one more the requirements. 

value service has been amply demonstrated but this service 
versity, the County Agent, and representatives State Federal 
Departments Agriculture, rather than the agency that builds the works 
and must their cost from the settler? 

not obvious that such advice and assistance more when 
comes from disinterested agency? furnished the creditor agency, 
every failure blamed the adviser and the effort helpful 
becomes the personal and appeals for financial relief, 
ponement, and reduction cancellation the debt. If, addition, the 
building agency becomes banker settler for home-building 
chattel loan, and possibly loan for seed and equipment, would 
mean that the sources friction and the difficulties 
geometrical tatio with the number loans. 

Admittedly the problem making success many irrigation 
projects most difficult one. experiment land settlement financed, 
aided, and directed the Federal Government may worth while. Un- 
doubtedly will friendly and capable hands; but for future 
reclamation development not feasible work out policy and program 
that will more simple and more economical administration that will 
eliminate the necessity the settler dealing his most intimate business 
and financial affairs with miles away; that will make the 
new. irrigation projects not specially and, pampered community but 
self- reliant unit the State, developed, and supported the same 
agencies those which the other sections the State 

The experience the past, the ‘of projects 
present, the confusion and utter lack definite program the present 
(69th) Congress, all join make moment opportune for serious con- 
sideration the whole reclamation problem ‘an. earnest effort 
formulate sound and permanent State reclamation 


discussion ideas into action, might the 
(Government, district, railroad, colonization agéncy) secure 
primarily because the land settled not worth what costs; no. really 
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families, promising advice and financial, aid such may enable them 

good irrigated land, offered reasonable terms, needs special 
tracts that call this, treatment, 

methods of, settlement lies the fact that are encouraged urge 
other tracts similar, marginal land. this extent, they 
create perpetuate unstable There, good farming 
land had throughout the United States, particularly the arid West, 
quantity water limited and the available supply should kept 
for and applied this good land and not be. developed land such 
character that settlement problem. When brought the 
reasonable cost per acre there has not nor there likely be, any 
especial difficulty the matter ‘of 

ordinary conditions, the margin profit farming 
the marginal lands there frequent loss least ‘the time 
equivalent wages the man who cultivate it. naturally 
attracted the larger wages paid ‘quantity production” industries. 
doned, especially the parts the United States. Efforts are 
being better lands. With improved systems farming 
and marketing, with larger use cheap power and machinery, the 
farmer, concentrating the best lands, making 
living. ‘Even after the these inferior lands, farmers 
ean the total crop production there demand 

and more into schemes settle which the open 
the country are beginning view distrust attempts 
interfere with action the laws supply ‘and 

for that matter wet land may drained, must necessarily have good 
productive has that any such land has 
has not been’ ‘or exhausted and having 

Granting that the degree moisture the soil can controlled 
changed will be’ tillable even some crops may had 
seasons succession. lias been shown Mr. Carl Scofield* 


it 1 


Agricultural Research, Vol. 21, 266. 
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that “soft water makes land hard and hard water makes The 
soil after reclamation not stable fixed The good farmer 
and more and more cautious risking his time 
and money these The three more suc- 
cessive owners has popularly attributed some defect 
the methods selecting, directing, ‘or’ financing the 
has given fact that fundamentally the cause has been 
the inferiority the land. these has properly deterred 
the from attempting the field open those 

the saying the first two crops settlers fail 
and that the third and following crops achieve success ‘the 
work first shows that not the failures but the early suc- 
cesses that insure greater percentage among later 
put another way, not that these few. successes due 
rather the fact ‘that the better lands were selected better, and 
that the qualities ‘manifested these were associated 
their ability select the better lands? 

that among the pioneers ebraska, Minnesota, and through 
the irrigated West, the good who selected good lands remained 
shifting, population, has been shown that this shifting 
these settlement have been almost, wholly 
those settlers who took the inferior lands, some which, now appears 
soil changes have proceeded, should not have reclaimed they 
are not worth the cost reclamation and cultivation. 

The this fact, and the special emphasis ‘the 
results that may flow from the solution these “problems settlement” 


ment reclamation doubtful such as, would 
not selected good farmers, asserted that careful selection, 
aided and directed settlement, loans, continual, may 
possible hold settlers on, areas, the, really 
productive yalue these areas, the possibility marketing the produets, and 
the other fundamental conditions which should given weight, are pushed 
the background enthusiastic discussion what termed “the 
the newer the project and the less has, the easier to.get 

sought the that, selection largely depended, upon 

Proceedings, Soc. E., March, 1926, Papers and Discussions, 417. 
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farm tenants there that persons thus will 
action taken these selected people guided: for the benefit of. ‘the 
employer for. the benefit the person 
immediate benefit themselves and families. People that sort resent 
paternalism willingly under the direction agent 
employee the promoter even the Government. 

the selecting ageney must and will dominate 
moter his agents will continue, finance the settlers their 
operations, assuming responsibility for their 
tion and direction may with renters theory American 
land settlement discourage tenancy and develop independent land- 
owning community free from bureaucratic control. Experience has shown that 
where such aid and direction has been undertaken, has been followed 
the demoralization the people aided, producing condition dangerously 
approaching peonage. 

This touched Mr. Griffin, who comments* that, his opinion, 
almost always unwise forego payments when due increases the 
farmer’s debt and dulls his conscience. Striking examples this unfortunate 
condition are all too prevalent where, chiefly because poorly informed people 
have been located sub-normal lands, there has been resultant breaking 
down the morale. This breakdown has been made more complete through 
well-meaning efforts “aid and direct” the land owner liberal extension 
credit and then permitting partial repudiation his debts. 
inevitable that these groups dependents located inferior land will call 
each year for more and more concessions. They are well aware that the pro- 
moter, having made large investment them, does not dare let them 
go. has already put bonus directly indirectlyt and they are 
firmly convinced that further subsidy due them partial recompense 
for their disappointments for lack success these lands. their 
minds the promoter has assumed moral responsibility for their success. 

While all this going on, while the promoter trying select and hold 
his people, struggling against general movement agricultural pop- 
ulation. Under the inexorable law supply and demand the marginal 
inferior lands are being permitted out production, steadily reducing 
the area cropped lands many the States. This due the fact 
that with improved methods, increased use machinery and power, crops 


Proceedings, Am. Soc. E., March 1926, Papers and Discussions, 421. 
Loc. cit., April, 1926, Papers and Discussions, 769. 
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officials the Department Agriculture have long since recognized ‘this, 
and have not been disturbed the abandonment inferior acreage. They 
have steadily admonished against rapid increase tilled land until market 
demand, and then only the best lands. Economists show that 
there already more than enough land under the plow and that the farmers’ 
earnings should increased not much bringing more land under cul- 
tivation wisely selecting the best areas and steadily improving these. 
incumbent the engineer and economist view with keenly 
critical eye the question whether case the probable 
productive value the land reclaimed will justify the risk and cost 
aided and directed Imagination warm toward 
the man who “made two blades grass grow grew before” but 
some one must consider whether the value these two blades justifies their 
cost: The question properly arises whether the promoter, even this 
happens the Government, now justified adopting high-pressure 
methods settlement loans. one should swept away 
sentiment and popular appeal undertake the salvage settlement 
lands regardless ultimate costs and values simply money has been 
spent their reclamation. 
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INTERSTATE WATER PROBLEMS AND 


Discussion* 


/ 


the authors favor amicable settlement water disputes between States 
interstate streams against Court’ proceedings carries strong appeal. 
Engineers familiar with trials water cases the Courts realizé fully the 
difficulty inherent this method reaching practicable and just conclusions 
and will the first admit the desirability substituting for Court pro- 
ceedings some less cumbersome, rigid, time-consuming, and expensive method 
dealing with water 

The progress made years with interstate compacts, recorded 
the authors, adds force the argument, whereas the other hand the 
which the compact method has encountered expose certain weak- 
nesses which deserve: eareful consideration. 

States the head interstate stream system hold strong strategical 
such States, Colorado granted and still grants its 
citizens the right diversion and storage limited only prior rights within 
the State. Prior rights lower States were not only disregarded practice 
were alleged reason their position legally subsequent. 

effect increased diversions ‘in Colorado lower States not 
injurious until, through irrigation expansion, shortage resulted and thus the 
controversy and still waging. The State Colorado made full use 
its’ position and the doubt interstate water rights and 
least has for long time serious damage the 
States. 

Courts for redress, which gave rise famous Kansas-Colorado and the 
Wyoming-Colorado cases. Technically, course, Kansas and were 
plaintiffs these suits, but can hardly pleaded from this that Colorado 
was not the real aggressor, was done 

The money spent Colorado these cases, reported the authors 
totaling about was intended make good its sweeping claims 
all water arising within its borders, ‘and similar expenditures lower States 
were ineurred prior claims. 


continued from May, 1926, Proceedings. 


Received the Secretary, May 19, 1926. 
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The earlier Kansas-Colorado suit resulted negative decision the 
Supreme Court, the Court found injury had been suffered 
that time Kansas and failed settle respective State rights. was not 
until June 1922, that the highest Court gaye its this main point 

This decision brought about change the attitude Colorado. 
When found that lower States could effective redress the Courts, 
began point out the objections Court proceedings and advocate ami- 
negotiations and settlement treaty, otherwise called the compact 
idea. 

compact satisfactory and lasting should based not the some- 
what haphazard result clash between extreme claims but, 
the primary willing adoption all sides, the views expressed the 
Supreme Court, which virtually wipes out State lines the consideration 
water rights, regards States with substantially similar 
water laws and water should approached mutual desire 
for fairness and truly friendly and spirit. 
negotiations, effort should made side, directly or, indirectly, 
radically change the status quo any such step would 
agreement can expected. 

erners, including the writer, to.the authors... The growing tendency 
demand too much, Federal assistanee distinctly injurious 
lauded pioneer spirit the Western farmers, is. believed,, 
for the best interests. the West eontrol much 
possible. 

Supreme Court more than what the They do.not such 
interfere with local self-government. Resort theeCourts logically 

regard river control, matter whether rights the 
Court adjusted negotiation, well bear mind that mere 
dict, whomsoever rendered, cannot execute itself, and 
for some regional, authority effect, especially as. against; the 
States which have the at, the 
stream. 

inflow, and diversion, ever-changing for division 
waters. This problem when within; the 
limits single State, but extended system its 
treatment, requires the administrative 

definitely foretold. The upper State may claim that benefit through return 
flow late the season will offset injury during the earlier part, and this claim 
may denied lower States and only definitely judged after the 
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such will probably local possibly boards which 
interested States are represented through administrative 
ever solution found this phase the question independent 

the wisdom number men, appointed the respective 
the past may have been high order, nevertheless conceivable 
exigencies local politics may influence future is, 
therefore, quite possible, not probable, that representatives States will 
less ‘trained render decisions than the judges Federal 
whom previous training and impartiality better men 
can found with difficult problems Some also 
argue that the rigidity and cireumscription proceedings which 
made and which are ‘to avoided compact commission 
hearings, are nevertheless the result and their 

may inferred from the authors’ arguments that the 
However, the and even Congress have 
power other process interfere with vested rights ‘as 
may good believe that have not ‘properly 
safeguarded the final compact, even have opportunity 
heard before the ‘They may tempted, therefore, even 
against great odds, obtain redress through the Courts. 

The offers the greatest success where only few 
because any may fail give the compact its 
legislative, sanction and may ‘make ‘strong ‘effort prevent Congres- 
sional approval. This understood present status Colorado 

There :ate: which not merely between States ‘but 
United States itself interested party: Western 
United, ‘acts guardian, whose prosperity part dependent 
they represented their guardian and State representa- 
water through filings made their behalf the United States, 
large part the obligations defense against ‘illegal 
sions. there every State great possibilities for 
further reclamation public lands which the entire nation 
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Mexico and Texas. The supply the reservoir seriously threatened. 


The compact idea, therefore, would gain attractiveness less sub- 


posite commission which the Department the Interior, which most 
these Federal interests are directly com- 
missioner. 
The authors devote few river and 
refer various treaties, among others the treaty 1906 between the 
United States and Mexico dealing with the division between the two nations 
the water the Rio Grande above Fort Quitman, Texas. 
This treaty provides for the delivery per 
annum from the Elephant Butte Reservoir built 
Reclamation Bureau connection with its Rio Grande Project 


contemplated storage although the quantity assigned 
treaty Mexico small relation the full the reservoir, 
series dry years, such has the past, may so: deplete: the 
reservoir render delivery the stipulated quantity this 
from climatic conditions, the treaty itself holds the: United 
but this condition can proved have been definitely 
aggravated new diversions above, not unlikely that Mexico 

Thus, would seem cases this kind United: States 
ested not merely through its the Interior, but the 
missioner. Where this not provided the compact idea will find opponents 
land owners whose individual interests will seriously jeopardized when 
some time the future the United States, through the Department 
should called take hold the make good its 
tional obligations. 

State Commissioners under the chairmanship, some United States 
representative, are thus brought forward, not for the purpose belittling its 
great possibilities, but indicate its weak points has 
with some well-founded opposition. 

order reasonably successful the idea should 
spirit true fairness without any take undue advantage; 
should carried through without permitting any change the 
not destroy the feeling mutual confidence which essential ‘success; 
sented and the resultant, decisions should sufficiently elastic the 
authority entrusted with their with the river 

great and pressing importance their able presentation subject. 
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STREAM REGULATION WITH 
IRRIGATION AND 


the author for bringing before the Society concrete form one the biggest 


problems hydraulic engineering. involves the economics agriculture 
and industry and from the point view the investor and the 
promoter well the purely technical problems design meet 
eonditions with numerous and changeable variants. 

through, contiguous to, acreage, should con- 
served by. storage and the land, leaving only dry stream 
the the At.the most would concede only canalized streams 
‘The operating power official, the other hand, 
would fit the stream flow his daily load curve, with irrigation 
and navigation surviving they may. 

engineering undertaking comprises three ‘named 
their importance follows: 


decision plan action; 

The formulation designs; and 


not often that the practicing equally familiar with the 
three major interests power, irrigation, that can, 
does, take entirely disinterested view. More often such point view 
bears the imprint regulatory body, and this body rests the economic 
decision the maximum beneficial These bodies have no, the 
most, meager, for the collection data. The sole reliance for this 
important phase must rest the applicant. one who has had 
experience the review such submissions data can appreciate the wide 
material offered. spite carefully drawn regulations, 
specifying the points covered conserve the time both applicant 
and ‘examining officer, stich submissions vary from mass heterogeneous 
irrelevance avowed briefs special pleading. through these that the 


Discussion paper Stevens, Am. Soc. E., from May, 1926, 
Proceedings. 


Cons. Engr., Washington, 
Received the Secretary, 17, 1926. 
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examining officer must wade endeavor formulate sound conclusion 
the respective phases interest. 

Regulatory bodies are political (not partisan), and must take 
the point, they headed in, many, cases 
data must done ‘technical decisions for 


consideration politically minded These, turn, look three 
parties interest: 


(1) The consuming power customer, shipper; 

(2) The investing public—security ‘holders and taxpayers; and 

(3) The applicant, with its attendants, engineers, promoters, and 
security vendors, 


the point view the first mind the continued maintenance 
influence, usually has predominated. 

indicates that takes broader view the problem. has rarely 
touched rates. Naturally the immediate interests the Federal Government 
have been given first consideration; but where its decisions have departed from 
the immediate Government interest, its ‘attention the 
wider economic phases the project under This entirely 
import. 

The popular conception the financial phase the who puts 
instance, the securities large undertakings, the sale which provides 
funds for construction, are purchased interests whose chief concern 
re-sale, and who anticipate that certain percentage will turn This 
not true, however, the final purchasers. The only way 
date. 

tacit approval commission gives. added strength the offering. 


Only frequently this accepted the. final investor tantamount 


vitalness this matter engineers doubly the fact, that 
possible for security issue prepared that the accounting 
analysis any “blue sky” commission the United when 
same time brief economics, forecast certain 
failure. Many such instances have come before the writer, and presumes 


that other engineers have had similar experiences conduct 
examinations. 


Pape 
are 
not 
pur 
the 
: 
| 
| 
| 
| 
| 
| 


Papers.] LANDRETH REGULATION AND IRRIGATION AND POWER 


Such debacles instances preventable. lasting effects 

not assume that any one phase eompetent analysis 
can the phase. the ultimate will rest 
purely local mind the needs the community, 
‘but: also the National that merely provides data for 
the design struétures harmonize imposed group restrictions 
plan that will ‘the maximum economic, benefit. 


means water storage and stream Study the flow 

Part the water supply for the summit level New 
West Canada Creek. This reservoir has crest 000 
and usable capacity 3.85 its water-shed. 

The Hinckley Reservoir been use since anuary, 
nishes water for the Barge Canal during November, inclusive. 

water powers are situated West Canada above ‘and 
below the point diversion the canal supply. Any plan 
that would distribute not needed for the Barge Canal would 
realized that the plan adopted should’ practical and rely little 
possible individual judgment guesswork. Gaugings had been 

that during 1915, 1916, 1917, and 1918, general was 
keep full during the canal then draw 
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determine the best plan operation and those four years, 
‘would obtained dividing each month into three nearly equal periods, 
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‘the water down, ready for the next spring flood, which resulted inefficient 
operation. reservoir large enough for régulation 
the records stream gaugings were January, 


The records ‘stream flow from 1907 inclusive, the 
1915 1918, inclusive, test period. was believed that the best 


and, ‘in fact, could The rate inflow correspond- 
ing varied from year draft any particular time 
ating diagram the quantities referred The net inflow, the draft, 
and the, storage were expressed terms the equivalent depth, inches, 
for each “one-third-of-a-month” period for the years 1907 1914, inclusive. 
this mass curve the maximum uniform drafts possible, with varying 
amounts storage empty full reservoir, were: determined for 
the date beginning each “one-third-of-a-month” period. From the data for 
each date, the drafts for various amounts of. storage were determined, and 
plotting those drafts for the various amounts storage for “one- 
third-of-a-month” chronological operating, diagram was 
obtained. This diagram showed varying allowable rates draft for, varying 
storage through the 

For storage above the the. draft the 
tional storage being disregarded—as was also the storage the 
lower ft. the reservoir. test, the first operating was 
the 4-year period, 1915, inclusive, those years had not 
ating diagram applied the entire, period, 1907 1918, 
and such corrections seemed warranted and advisable. 

were carefully noted. final was, drafted in, December, 
1919, based on, the, operating diagram has, been 
obtain the full effect during the spring floods that generally 
April May, and full reservoir about 

any “one-third-of-a-month period”. the gate operator would obtain the surface- 
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the intersection the vertical date-line the reservoir-elevation- 
would read the draft, ensuing “one-third-of- 
ator would the gate gauge about mile down stream from 
the reservoir dam and, reset the gates. Observation 
surface elevation reservoir operating diagram during 
the “one-third-of-a-month” period would show whether draft too 
the operating diagram been under the the State 
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October. 


November. 


TABLE MEAN DRAFT FROM HINCKLEY, Y., RESERVOIR 
WHEN OPERATED THE AID DIAGRAM. 


mber. 
October. 

November. 

December, 


February. 
Septe 


3.—YEARLY RAINFALL, INCHES, FROM STATIONS NEAR 
HINCKLEY, Y., RESERVOIR. 


ram. 
ithe 
iods, 
sion 
ond- 
time 
1915 677 663 1525 275 298 871 459 1222 663 
1916 1505 1428 965 1983 475 840 834 370 
ying 1917 469 460 1693 1086 1485 445 436 1084 1487 494 
for 1918 418 472 957 1505 903 434 358 326 451 1133 1359 
one- 
was 
ying 
ddi- 
the 
1920 958 2660 1120 473 434 579 695 750 1890 
not 1921 2330 1400 870 524 607 695 640 1000 1250 
607 769 2690 2060 570 492 469 647 916 
1924 1070 1080 784 1980 2580 636 455 366 969 646 
TABLE 
Year. Inches. 


Tables and the mean monthly drafts from the Hinckley 
Reservoir since January, that for 1919 when the record was 
badly and the yearly near These records are: 

was nearly the same. 

reservoir has such regulation practical question end 
can within reasonable limits the gaugings the 
stream. The performance stream, shown its forms 
gauging 

Regulation for canal supply from May December each year does 
not differ greatly from that for irrigation purposes, during those months. 
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DEVELOPMENT INDUSTRIAL SITES AND TRACKAGE 
KANSAS. KANSAS, AND 


two persons are exactly alike; and this 
individuality even more pronounced cities persons. 
The problems that confront each, city are those peculiar its particular 
needs; and solution that meets the requirements one will only 
country, often serious select route that will the needs 
the road, and yet not seriously some residential greatly 
its detriment. 

ature has been kind many ways, and has 
against the problem railroad company any considerable extent 
any its residential districts. City Spokane was started along the 
banks Spokane River, and has ‘developed about equally both north 
south this dividing line; the ground rises the south plateau about 
400 ft. above the and the north side, more gradually, elevation 
approximately 100 ft. the case with most the Western cities, the 
valley through which the Spokane River flows the only practical place for 
the railroads build; so, nature, all the railroad terminals and industrial 
sections the city are the flat valley each side the river and interfere 
little with any residential section. 

The down-town section the city badly cut up, however, with three 
main-line transcontinental railways. This has been very expensive, both 
the municipal government and the railway companies. If, twenty years ago, 
the railway companies had been able, they now, have seen this 
problem the broad sense transportation and service the public, rather 
than impassioned desire get business away from their competitors, 
such things this could have been avoided. 


This discussion (of the paper Walter Armstrong, Am. E., presented 
before the City Planning Division, Salt Lake City, Utah, July 1925, and published 
May, 1926, Proceedings) printed Procecdings, order that the views expressed may. 
before all members for further discussion. 


City Engr., Spokane, Wash. 
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The existence railroads only justified because they render service 
the and this fact should kept uppermost mind both railroad 
and city officials, the end that the terminals may designed that the 
will best served, and not merely that one may 
some the business that its competitor 

The trend thought city planning, however, seeking through 
experience the past provide for the future growth cities, certainly 
encouraging sign. Although mistakes will made future development, 
yet this method should great way toward eliminating some the unfor- 
tunate situations which some cities now find themselves. 


Lester Assoc. Am. E.—As many industries can 
bear only limited charge for business taxes), some the 
older cities the United States will soon have consider the establishment 
industrial districts take proper care their industries. Taxes have be- 
come quite serious problem with some situated the 
towns. instances taxes, with high real estate values 


hibit plant additions, have move out- 
side the city limits. 


the terminal facilities the Port Los Angeles are particularly impressive. 
special interest the kind and amount aid the City ‘of Los 
Angeles further this development. The acquiring the long strip ter- 
into railroad yards, docks, store house, and 
terminal structures, example what progressive city can assist 
and procure for its industrial aids that the years come will 
value the growth ‘the city and. provide for more 
cient and cheaper freight handling Both the City. Los 
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which will amplify. the printed, any errors, should 


30, 


was graduated from the High School his 
Cleveland, Ohio. 

tion for the Avenue Railroad Kansas City, Mo. 
was employed Engineer the Kansas City Stock. 1889, 


again, position with the Railroad, Company 


Draftsman railway construction. Later, same year, was 
similarly engaged the Washington and Railroad Company, 
Washington, 


Washington and Georgetown Railroad In, 1892 entered the 
service the Baltimore City Passenger Railway Company, 
railway construction and, 1893, was. appointed 
Principal Assistant Engineer charge the Drafting Office and the con- 
timore. 

1894, became Assistant Engineer in.the Switch, Signal 
Department the Steel Company and, 1895, was appointed 
Principal Assistant Engineer charge the Drafting Office and the con- 
struction conduit electric railway lines for the Metropolitan Railway Com- 
pany Washington, During 1896 and 1897, served Principal 
Assistant Engineer charge the extension the cable line and the 

‘York, Y., during 1898 and 1899, Engineer charge construction 
electric railway linés for the Metropolitan Railway 
Line below 50th Street. 

From 1900 until 1902, tie for Shewan, Tomes, 
and’ English firm Hong Kong, China; and charge 
the erection plants and tramways and Hong Kong. ‘He 
many friends the Chinese who called “Heavenly Light 
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business associates, and many his most ‘friends and ad- 


‘seventeen years age joined the Hawkins Ivon Works 


was formed 1883 the the Toronto, Bridge Com- 


Man”. After speriding Mr) his position 
accept another the Philippine Islands, Superintendent Construction 
sisted the construction street railway system, including miles 
track, lighting system for the City and harbor improve- 

During the World War Mr. Belden served Chief Engineer the con- 
struction Camp Hancock, the completion this work 
his health became impaired and the advice his physician moved 
three years prior his death, Mr. was engaged Expert 
the valuation the properties the Colorado Electric Light and Power Com- 
pany, and spent most his time 

1904 was married Susie Covington, Ga., with 
daughter, Jane, survives him. 

was member the Club, Hong Kong, the English and 
University Clubs, Manila, and the Engineers’ New 

Mr. Belden had gift for making true ‘and lasting friendships, and, ‘with 
mind enriched the study peoples and customs the’ vatious countries 
visited during his extensive travels, was most delightful 
was passionately devoted the took ‘keen interest Oriental 
and had made interesting Chinese and apanese color 


q 
4 
7 
q 
7 


prints. was engineer whose professional integrity and devotion any 


undertaking his line work gave the estimation 


mirers were among the members his profession. 
Mr. Belden was Member the American Civil 


neers October 1905. 


i> 


school and academy training was received Springfield, when 


later becoming Assistant January, 1879, position 
with the Wrought Iron Bridge Engineer 
with that Company until went Canada the 1882 to, 
the Toronto Bridge Company Assistant Engineer. fod 
The Dominion Bridge Company, with its prineipal works Que. 


pany; and Mr. Johnson, then became the Manager: and, Engineer 


St. 
tin 
tic 


with 


ation 


ad- 


ager the Toronte Works was also charge the erection the canti- 
bridge over the Reversible St. John, B., Canada, and the 

pany until October, was appointed In: Feb- 
desiring relieved from some the management, 
position which held until 1919, retired from active work. 
Director Member the Executive Committee until his 

will seen from his reeord that Mr. Johnson occupied posi- 
tion the Dominion Bridge Company from: the its inception until 
growth railways and highways, during which notable 
bridges were constructed, many them under his direction, These 
tures, the the Company, and originality. displayed Mr. 
Johnson solving steel construction problems and devising new 
erection methods, many whieh are now common practice, are the 
genius the man. 

For many years after the Dominion Bridge 

there were consulting Canada, and Mr. Johnson was 
upon frequently for advice engineering matters beth without and within 
the field bridge superstructures. occupied position peculiar authority 
and trust among those came into professional with 
him, and his judgment was highly valued. 
The the 800-ft. span Quebee placed the unprecedented 
before engineers finding practicable design that could safely 
structed with reasonable economy preparation. That. engineer- 
ing monument, the Forth Bridge, Scotland, practically the same span, 
been with eonsummate skill, plate plate the site, but 
and industrial. Canada prevented this method from being. fol- 
and was construct the Quebee Bridge members com- 
pletely finished shops that they could quickly assembled. 

Modern traffic also the Quebec Bridge more: 
twiee heavy the Forth Bridge, that members very large were 
needed which would have been exceedingly handle the bridge 
were constructed with any the ordinary arrangements web-bracing. 
midable considerations. 

was natural that Mr. Johnson consulted and close 
touch with the several projects for bridging the St. Lawrence River Quebec 
‘and; although was not successful obtaining for his first 
may said fairly that his suggestions enabled the 
Company the order and successfully construct the bridge. 
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During the preparation the competitive designs the 
final construction the bridge, Mr. Johnson suggested that many the most 


making what now known the K-truss, but. designated him 
“half shear bracing” because its function dividing the shears between 
two members each took little investigation his judg- 


ment that offered the most desirable solution with decided 


advantages economy material and deflections, and 
safety and ease erection. 


‘To out this great work the St. Bridge 


and Mr. Johnson became its President and General Manager, all times tak- 


ing deep interest the engineering side the work, particularly its 


tinguished his work throughout his career, his practical turn mind and 


wonderful insight into difficult problems handling material, supplemented 
the skill devise methods for overcoming the ahead. 

‘Although called executive positions Company never lost his 
interest the engineering side the work and kept closely in: touch with 
even after his retirement from the actual direction affairs. 

Johnson was bachelor, and led very simple life; without: any 
ties. had few recreations and did not mingle extensively the ‘social 
activities his associates; there was thus nothing his 
dominant interests, that his profession and his was, 
others. his community has been more revered among his: 
and those who came contact with him business. 

little more than forty years ago, the writer associated Junior 
with Mr. Johnson, and the respect which formed for his and 


owes much his example and counsel. 
Mr. Johnson became Member the Canadian’ Civil 


neers (now the Engineering Institute Canada) 1883. its 


for six years, was Vice-President for one year, President 1913. 
University, Montreal, Que., Canada, conferred him the honorary 
degree LL.D. 1921, recognition his the Engineering 


Profession and particularly for the the construction the 


Mr. was elected the American Civil 
Engineers July 1891. 


William Pierson Judson, the son John (Pierson) 
udson, was born Oswego, May his father and his 


Memoir compiled from information file the Headquarters the Society. 
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descendant Abraham Pierson, the first President Yale College. 

was educated the schools Oswego, been graduated 
from the High School education study and 
active practice under his father and Capt. Jared Smith, Corps Engi- 
Academy, West Point, 

From 1866 1898, Mr. active service Civilian Engineer 
with the United States Corps Engineers fort, ‘river, and harbor 
surveys with headquarters Engineer Office Oswego follows: 

‘Froth 1866 served Draftsman Fort Ontario, Oswego, under 
Captain Smith and Maj: Blunt, Corps Engineers, For 
the four years was engaged Draftsman connection with fort ‘and 
harbor construction Lake Ontario, and from 1873 1874, served Sur- 
veyor and Draftsman for forts, rivers, and harbors. 1874, ‘Mr. Judson was 
and construction river and harbor works, and forts Lake 
and the St. Lawrence River, including Lake Champlain; the harbors 
Buffalo, Erie, Pa.; the rebuilding and Fort Wayne, 
Detroit, Montgomery, Rouse’s Point, Fort Niagara, New 
York; many works, including miles the Nar- 
rows Lake Champlain. 

the Hudson River rather than ship, canal.* 1896, and 
for United States Deep Waterway Commission Oswego- 
Oneida- Valley from Oswego Troy”, the 
Maj. Thomas W.. Symons, Corps Engineers, Buffalo, and there 
the advised being for barges rather than’ for 
report was the basis for the plans for was 

1898, Mr. Judson entered private practice and was 
Buffalo. 

From 1899 1905, served as-Deputy State New York for 
three terms, having been charge and direction 
the New York State Highway System during its first six years. also 
edited the publications directed the surveying and monu- 
menting county lines through the Adirondack Mountains, and co-operated 
its’ 
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the Broadalbin, Light and Power Company and the Broad- 
albin Supply and Construction Company, Incorporated, Director 
the Broadalbin Company, Limited, and the Broadalbin Bank. 
since 1876. 

MeWhorter, Oswego, who survives him. 

Judson was man upon whom one could, the 
tudes and experiences life, true Whether among those whom 
knew well or, others, was recognized one who the: highest, con- 
ception integrity and honor. devoted his profession and_main- 
those who were privileged his friendship, 

was the author the following books: the and Northwest 
‘to the Sea by. Way the Niagara Ship Canal” (1890) “An Enlarged Water- 
way from the Lakes the Atlantic” (1893) “Lake the Hud- 
Through the Oswego-Oneida-Mohawk Valley” (1896); “History 
Projects from Great Lakes Tidewater, 1768- “City Roads and. Pave- 
editions which were issued 1894, 1902, and 1909; and “Road 
Preservation and Dust (1908). “He also wrote many 
reports and papers. 

Judson’ was member the Institution Civil Engineers Great 
American Society Municipal Improvements; High- 
way Association; International Navigation Congress; American ‘Association 
for the Advancement ‘Science; Genealogical Biographical Society 
ciety; Sons the American Revolution; and the Society the War 
Yacht Clubs Oswego; Antlers Amsterdam, 'Y.; and 
Institute History and Art Albany, Y.; Lake Lake Placid, 
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early life was spent where was educated. 
was from the Rochester High School and four years the 
Rochester Atheneum Mechanics Institute. While the 
Instructor and: Lecturer geometry special 
structural design, hydraulics, and strength materials. 

From 1888 1892, Mr. was with the Rochester Bridge 
Draftsman Designer; the following year became 
the City Engineer Rochester the trunk sewer, rock miles 
long, and 1895 served Engineer connection with the Roch- 
ester Water Supply the construction miles: water 
pipe. 

1895 and 1896, held the position Engineer for State 
New York charge division surveys State lands, and the follow- 
ing yéar was Engineer for contracting firms charge tunnel work and diffi- 
cult foundations. During 1898 and 1899, served Assistant 
Engineer with the United States Board Engineers and investi- 
gation water supply and power and the location dams. 

Following this work and 1900; Mr. Lockwood was with the 
Canal Commission charge surveys for the location the Boca 
Dam and the survey for Graytown Harbor. was also charge estimates 
cost for the proposed canal and the design the harbor terminals. 

For year, 1901, was Ecuador Engineer miles moun- 
tain railroad for the Guayaquil and Quito Railway. again entered the 
Government service with the United States Corps Engineers, charge 
fortifications and river and harbor work during 1901 and 

Going England 1903, Mr. Lockwood was Engineer and Superintendent 
for the construction large blast furnace Frodingham, and built com- 
plete American plant for British Steel Company. 

Returning Rochester 1904 became Assistant Engineer and Engineer 
Charge the construction the Cobbs 

Leaving the professional engineering field, was connected with 
large contracting firms the construction dams, tunnels, dry docks, and 
submarine pipe lines various parts the United States. and also Santo 
Domingo, where was charge the construction concrete piers ‘for the 
Dominican Government. 

Mr. Lockwood was Manager for the Frederick Snare 
poration, and Contractors, Philadelphia, and until had 
charge and around Philadelphia for that Company, 
His’ the construction several large steamship piers, both 
the installation the railway structure Philadelphia. Dur- 
War the construction the first shipways the Hog 
Yards and the large Quartermaster’s Philadelphia was out, 

health Mr. Lockwood resigned his position with the Frederick 
Snare Corporation 1995, the advice his physician, moved Miami, 
Fla. During the few his there established himself 
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business, also taking great interest the engineering problems ‘the 

His active life was spent the various engineering and 
tion many places, the United States, South America, the 
engineers and those connected with engineering was untiring 
worker and never saved himself when his time energies were needed his 
friends was always intensely active and interested 
any problems solved and had keen:sense ways and over- 
come unusual and difficult conditions. 

nature extremely sociable, Mr. Lockwood was interested and took 
active part the several societies and which was 
member, such the Engineers’ Club Philadelphia; The Philadelphia Board 
wife and two daughters. 

Mr. Lockwood was elected Junior the American Engi- 
neers 1894, Associate Member October 1896, and Member 
October 
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Robert Hugh McCormick, son David and 
was Detroit, Mich., May 1853. 

Bryant and Stratton Business College. In, 1869 found employment. 
father’s crockery and. Upon, the death his father 
the closing the business, young. entered the and Smith 
Shoe Factory machine operator. 

survey the Mississippi River. During the summer. and was 
suryey for new. Hay Lake channel, under the direction the, late 
Alfred Noble, Am. From the fall 1879 the 
fall 1880 Mr. McCormick was engaged and Assistant 
Engineer railroad location and construction Eastern Michigan, and dur- 
ing the winter 1880 located and built twenty- -five miles narrow-gauge 
railroad for the late Gen. Russell Alger. From January, 1882, July, 1883, 
Mr. McCormick was Division Engineer the Grand, Trunk 
construction. between Pontiac and Jackson, 

July, 1883, Mr. McCormick entered office the. 
became City Engineer 1898 that position, for 
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period, about one year, until January 1917, when resigned and 
retired from work. population Detroit during the 
time Mr. contact with the office the City Engineer was from 
about 1883 about 800000 1917, more than 400 per cent. 

was painstaking public official, possessed high sense his respon- 
sibility the public and his was nature careful and 
conservative and although quiet was of. the 
humorous. Mr. never married. 


Milton Frederick Stein, the son Max and Elvira Stein, was born 
Chicago, December 17, 1886. received his preliminary education 
the Schools Chicago and was graduated from the University 
1909 the degree Bachelor Science Municipal and 
Sanitary Engineering. 1916, Mr. Stein received the degree Civil Engi- 
neer. His outstanding scholarship and unusual thesis merited special 
uating honors and election Sigma Xi. 

After his graduation, Mr. Stein entered the employ Chester and Fleming, 
Consulting Enginéers (now Chester Engineers), Pittsburgh, 
Pa. Under Mr. Chester, designed reservoirs, pumping sta- 
tions, water filtration plants, and other structures, various places, some 
instances acting also Supervisor construction and operation. Among 
these municipalities may mentioned Charleroi, Kensington, Pheenix- 
ville, and Erie, Pa. 

1913 Mr. Stein was the Water of. the City 


Cleveland, Ohio, where supervised the preliminary tests for filtration 


the water supply that city. was immediate charge the design 
certain parts the concrete work the Division Avenue Filtration Plant, 
and assumed major responsibility’ for ‘the design the filter details, chem- 
ical treatment equipment, laboratories, and the clear water reservoir. also 
made some special the recovery water sludge and its 
utilization. 

1917; Mr. left, the the City joined the 


York, Y., where remained for about year, working particularly the 
design the sewage works for Albany, then returned Cleveland 
and was, employed Division Sewage Disposal. special’ studies 
relating the.Westerly Sewage Treatment; Works. order 
home, Mr.. Stein. Chicago and became connected with the work 
Sanitary, District Chicago, especially the design Des Plaines 
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activated sludge sewage works, one the first large plants 
Hydraulic and Sanitary Chicago, and became 
associated with International Filter Company and 
1921, owing failing health, Mr. Stein 
and spent his time special imvestigation and 
screen for the removal suspended solids from sewage. From until 
his death, most his professional work was done associate Mr. George 
ing engineer, particularly problems. 

Mr. Stein was man marked ability, very painstaking, and great 
student. His contributions the technical press were frequent and high 
caliber. Aside from the magazine articles that appeared from time 
his best known work his book entitled “Water Purification Plants, and Their 
Operation”, which was first published 1915, the second edition out 
1919, while third edition, completed just before his. has since 
published. This book, which very high order, considered standard 
textbook its field. Mr. Stein not only had brilliant and analytical mind, 
but was extremely versatile. Not only was home the field sani- 
tary engineering but liked into ‘unusual and abstruse problems, 
requiring the most intricate mathematical solutions, Furthermore, was 
artist mean ability and accomplished musician. nature 
was quiet and reserved and there were few who knew him intimately. These 
recognized him true friend well capable engineer, His passing 
removes from the field water purification engineering one who, perhaps 
more than any other, understood and was thoroughly conyersant with the 
design, construction, and operation such works. 

Mr. Stein was elected Associate Member the American Society 
Civil Engineers December 1912, and Member September 1919. 


Diep 20, 1926. 


Joseph Strachan was born Newburgh, Y., December 31, 
was son James Strachan Susan (MeCullough) Strachan, both 
stock. 

His earlier education was the public schools Brooklyn, 
which city his family moved when was child. 1879, entered New 
York University and was graduated 1883 with Phi Beta Kappa 
with the degrees Bachelor ‘Science and Civil Engineer; 1886, the 
degree Master Science was conferred him his 


in. 
sel 


nsen, construction work with the South Pennsylvania Railroad Com- 
came pany, where passed from the Rodman Chief construction 
pany December, 1885, its new elevated For nearly four years 
ploy- was engaged and railroad construction Brooklyn, 
during this period embraced the design trestles, track lay- 
pockets, ete., and ineluded work old New York 
Bath Beach Railroad, the New York and Sea Beach and the 
sign- Elevated Railway. 

July, 1889, Mr. Strachan entered the employ the. then City 
great Assistant Engineer the Department City Works, Bureau 
high Water-Works Extension. this prepared detail plans 
for extension water mains east Rockville Long 
Island, changes structures the line, made surveys, detail 
plans; and estimates for the Baiseley’s Pond from Jamaica sewage, 
and surveys and estimates, proposed changes the grades streets 

brick conduit near/Liberty Brooklyn, designed the connections 
lems, proposed 66-in. steel ‘conduit with existing conduit and the Milburn 
Pumping Station, and had charge land purchases along the line the con- 
along the aqueduct, including the location survey for proposed 66-in. 
ssing pipe conduit from Milburn Spring superintended the layout 
rhaps and construction the Oconee and Shetucket deep-well stations and the 
the the Springfield Pond Pumping Station deep-well station. 

1901 and had charge the construction double pipe line 
from the Milburn Engine House the Milburn Efflux 

January 81, 1926, Mr. Strachan was Division Engineer the 
Highways, Borough Brooklyn, New York, For considerable part 
paving, and many ‘miles streets. During his with 
street’ saw modern’ pavements asp alt and granite concrete 
foundation increase from ‘miles more than 870 miles the Bor- 
ough Brooklyn, and the disappearance ‘of the old cobble-stone and Belgian 
block pavements 260 this work had large part, 
not only the supervision construction but the preparation the plans 
and specifications, study local traffic conditions, and the collection 
other 
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the Club increasing membership about 200 
Industrial Exposition held the Borough Brooklyn. now 
regular feature the life the city. 

who died 1921. daughter, Louise, and two Mal- 
colm, survive him. 

weaker until his death March 

disposition, and one who the respect and subordinates. 
His courteous manner, his willingness assist: others, and his consideration 
for the feelings those him made him companion will 
personal one hosts those who were fortunate had 

Mr. Strachan was elected Associate Society 


16, 1853. the third son.of Andrew and Eliza 
His great-grandparents emigrated this country from the north 
early Colonial days and both parents had ancestors who served 
the War the 

After pursuing his studies the the University 
Vermont and was graduated Civil Engineer the Class 
Tmmediately graduation Mr. Thompson sought, employment with 
Upper River from St. Paul, the mouth the Missouri 
From July, 187 March, 1879, was charge surveys, and 
from March December, Inspector charge contract work 
the improvement the river. 

From August, 1880, 1925, .he was various 
engineering works for the Upper Mississippi, among which were 
the following: 1887 was responsible charge the construction 
breakwater Lake, Pepin, near Lake City, the 


pla 

5 4 

4 
| 


MEMOIR CARL BOSSERT 1317 


was charge, Engineer, the river improvements from 
Wisconsin River, first: section attain projected ft. 
quished 1925, the improvement work was 
Thompson died his home 15, 1925. 
his retirement from service under the Civil Service Retirement 
his December 15, and that the anniversary 
his birth was December 16. was life under 
one United States one work, who 
attained the highest position which that who 
was contented with the modest emolumient allowed his position, but who gave 
Mr. Thompson was highly the company 
Club. 
seas and now head the Crosse Minneapolis, 
Minn. Mr. Thompson took intense and patriotic interest thé war and 
that 
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Leetonia High then entered University and 
uated with the Olass 1908 with the degree 

During the summer vacations and from 
college, Mr. Bossert was with the Pennsylvania Railroad Pitts- 
Instrumentman and Draftsman location, Eastern 
tioned San Francisco, Calif., and from there went the Navy Yard 

Sandy Valley and Elkhorn Eastern Kentucky. 

May, 1911, Mr. Bossert returned bécome Deputy 
Surveyor Columbiana where had the location 
and construction several important roads, bridges! and 
held this position until April, transferred Wayne and Holmes 
Ohio, Deputy Surveyor, which position World 
age project for these 

Army; and was about over when the: Armistice signed. 

From March, 1919, 1923, Mr. Engi- 
neer Franklin County, Ohio, working preliminary surveys and’ plans 
for the Greenlawn Avenue Bridge and the changes désign the Mound 

Constructors, Construction Engineer and, later, beeame Superintendent 
Construction. This position took him into the ceramic field 


successful. 

Mr. Bossert ranked high student, keen the 
faculty combining theoretical and practical engineering 
hard worker, always had time help younger 
societies. Courteous, unassuming, and self-retiring, all 
who knew him. 

Member the American Ceramic Society, and member the Engineers’ 


taken all the degrees possible, having been Knight Templar, Scottish Rite 


Mason, and Shriner, was also member Acacia, Collegiate 
Fraternity. 

Mr. Bossert was the Society Civil Engi- 
neers October and Associate Décember 1915. 
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